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'ABSTRACT 
The main aim of the research was to determine peoplel! § 
attitudes to clothing, ways in which individuals create 
comfort conditions, and how they can modify certain 
human variables to achieve clothing habits more conducive 
to health. 
Surveys carried out in both Guildford (207 English Office 
Workers) and Osaka (840 Japanese Office Workers and 1507 
Japanese Primary School Pupils) were used for this study. 
0 
method was developed for estimating the standardised 
clothing value (SCV) which was adjusted for ambient 
temperature and physiological human variables (sex, age 
and build) by means of quantification theory. 
Considerable individual differences for the amount of 
clothing worn to create comfort conditions still existed in 
terms of the 'SCV' although it was reduced compared with those 
for the actual clothing values. 
It was discovered that the differences of the 'SCV' between 
individuals were strongly affected by their personal human 
variables which were divided into 3 categories 
(1) sporting activity 
(2) clothing comfort factors to which the individual 
attaches importance 
(3) the attitude of the individual to clothing. 
It was found that those who habitually wore less clothing 
could stay comfortable at lower temperatures than the group 
who wore more clothing and furthermore caught fewer. colds 
ii 
in the winter. This "less clothing" group included those 
who took part regularly in sporting activities. 
The fact that individuals can modify the relevant human 
variables to enable them to achieve clothing habits more 
conducive to health is substantiated from the study of 
primary school pupils. The pupils from those schools where 
emphasis was placed on the benefits of not wearing excess 
clothing were more comfortable at lower temperatures and 
caught fewer colds than those from schools where. no guidance 
on clothing wasogiven. 
It is significant that the English Office Workers had a 
lower SCV than the Japanese in winter and also attached 
more importance to the ease of movement as a comfort 
factor in their clothing. The rate of taking part in 
sporting activities regularly or sometimes was greater in 
the English group than among the Japanese. 
iii 
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'INTRODUCTION 
World interest in energy conservation has prompted many 
conservation strategies to be adopted. As part of the 
campaigns, guidelines for indoor temperatures have been 
established in each country. In England, the Parker Morris 
recommended temperature for council dwellings was proposed 
as 65 0F (18.30C) in the 1960s (Ministry of Housing and Local 
Government, 1961). In 1979 the Japanese Ministry of 
International Trade and Industry established their temperature 
guidelines as 18 0C for winter heating and 280C for summer 
cooling (Energy Conservation Center of Japan, 1981). 
Energy conservation practices have resulted in lower ambient 
temperature levels during winter, and higher ones during 
summer under these temperature guidelines. We now face the 
problem of how to be comfortable while conserving energy. 
When we review the historic relationship between ambient 
temperature and clothing level to achieve thermal comfort, 
it is revealed that the past standards for comfort temperature 
produced by engineering research increased from 68 
0F (20.00C) 
in 1914 to 78 0F (25.50C) in 1966 (Nevins, 1966). Thermal 
insulation for the clothing ensemble commonly worn by office 
workers was said to be 1.0 clo in the 1ý40s, but this value 
decreased to about 0.8 clo in the 1970s (Nevins et al. 1974). 
To summarise, people have relied mainly upon increasing the 
indoor temperature, rather than wearinq more clothing, 
likewise upon summer cooling rather than wearing lesýs clothing 
for the maintenance of comfort conditions. 
2. 
Consequently, space heating accounts for 
total energy consumption in the domestic 
(Parry and Irving, 1980). In Japan that 
due to a milder climate, but about 2% mo: 
for air conditioning in summer (Economic 
Japan, 1982). 
over 60% of the 
sector in England 
rate is about 30% 
e energy is used 
Planning Agency of 
Thus, it will be seen that an epoch has come in which each 
individual has had to create his own thermally comfortable 
conditions by means of clothing worn. This function creates 
a mobile personalised micro-climate for the wearer, and 
contributes to the maintenance of thermal homeostasis of 
the human body. 
It has been observed that remarkable individual differences 
in comfort temperatures and clothing levels exist, in 
particular in the clothing actually worn (see Chapter One) . 
Evidence-by Irving et al. (1981 and 1984) showed that. 
Japanese students needed more clothing to keep warm than the 
English at the same temperature, and this could be attributed 
to the differences in living and clothing habits as well as 
national characteristics between the countries. 
In Japan there exist some kindergartens and primary schools 
where children are guided not to wear excess clothing. 
This policy is derived from the belief that wearing less 
clothing is healthier, and aims to promote good health 
from the aspect of clothing habits. However, the effects 
of wearing less clothing have not yet been proved 
scientifically. Tt should be emphasised that little attention 
3. 
has been paid to individual differences in thermal comfort 
during the past 60 years. one reason for this seems to 
depend on the fact that research in this area has been 
entrusted mainly to environmental engineers who aim to 
produce a thermal environment for a group. From an 
analysis of seasonal mortality rates, $akamoto-Momiyama 
(1977) suggested that poor heating causes morbidity and 
large numbers of extra winter deaths in the-United Kingdom 
and Japan. 
This present study, continuing the author's M. Phil. work 
(1980). aims to throw light on the individual differences 
of clothing worn to maintain thermal comfort. The objective 
was to determine people's attitudes to clothing and indicate 
ways in which individuals can create conditions for comfort 
which take into account their own personal human variables, 
and indeed modify certain of these variables in order to 
achieve clothing habits more conducive to health. 
It was felt necessary to develop a method of estimating a 
standardised clothing value (SCV) which could then be used to 
investigate the relationship between clothing levels, 
comfort and the number of colds caught during the winter 
period. 
Surveys carried out in both Guildford (207 English office 
workers) and Osaka (840 Japanese office workers and 1,507 
Japanese school pupils aged 10 - 12) were used for these 
investigations. 
4. 
CHAPTER ONE 
Review of Literature 
1.1 Thermal Comfort' and, the' Role 'of Clothing 
Thermal comfort has been defined by the American Society of 
Heating, Refrigerating and Air Conditioning Engineers 
(ASHRAE) as 'that condition of mind which expresses satisfaction 
with the thermal environment' (1981). An important feature 
of this definition is the use of 'condition of mind' as 
opposed to 'condition of the-body'. In connection with 
this, thermal sensation is defined by Rohles (1981) as 'a 
conscious experience resulting from exposure to a number of 
variables making up the thermal environment'. Both of these 
definitions imply that a mental or psychological condition 
has some influence on thermal comfort. 
According to Benzinger (19-78) thermal comfort is defined as 
'the absence of driving impulses from either field of 
thermoceptors to correct the environment by behaviour'. When 
optimal conditions have eliminated incentives for change, 
the mind expresses satisfaction. 
The state of thermal neutrality occurs when the heat produced 
within the body is just balanced by the heat lost to the 
environment. In this state aperson feels comfortable. 
The zone of thermal neutrality, as defined in the ASHRAE 
Guide and Data Book (1965) is the environmental condition 
where 'the body is able to maintain a balance 
between heat 
production and heat loss without significant-changes in any 
5. 
of the readily measurable indices of thermal comfort'. 
The thermally neutral temperature is defined by McNall 
et al. (1967) as the temperature desired most frequently 
by the subjects for thermal comfort within a zone of 
thermal neutrality. 
Since people are not alike thermally, the environmental 
engineer aims to produce a thermal environment in which the 
highest possible percentage of the group are thermally 
comfortable. 0 
Auliciems (1969) Points out that the delineation of the 
comfort zone is arbitrary and limits have varied with 
investigators. Hickish (1955) chose a comfort zone on an 
80% comfortable basis; Bedford chose 70%(1936). rn Auliciems' 
data (1969) no comfort zone could be established due to the 
fact that over 70% comfort conditions occurred very rarely. 
According to ASHRAE standard 55-74, the environmental condition 
for 80% acceptability is considered to be comfortable. 
The remainder, at least 20% of the group, take individual 
steps, usually by adjusting the amount of clothing, to create 
balanced conditions in such thermal environments. 
Meanwhile, the past standards for thermal comfort-produced 
by engineering research indicate that there are increases 
in the temperatures recommended for comfort from 68 
0F (20. OOC) 
in 1914 to 780F (25.50C) in 1966 (Nevins, 1966). On the 
other handr the thermal insulating value for clothing ensembles 
worn by office workers in the 1940s, when the clo unit was 
6. 
first proposed by Gagge et al. (1941), was set at 1.0 
0 clo for 21 C. In the 1970s in the United States, people 
wore about 0.8 clo, where they preferred about 750F (23.90C) 
(Nevins et al. 1974) . 
In England, 30 years ago, the average home was less well 
heated than today; however, people were able to tolerate 
these conditions as they tended to wear heavier clothes 
for insulation than is commonly found today (Irving, 19,79). 
0 Bedford (1936) demonstrates that an air temperature of 65 F 
(18.3 0 C) was that preferred by most of the people questioned. 
His investigation was carried out involving people engaged 
in very light industrial work. 
In Japan similar situations have been observed. A field 
survey carried out in 1947 indicated that most office workers 
felt comfortablein their offices when they were heated to 
about 15.5 0C in winter (Miura, 1968). Their thermal balances 
would be compensated for by insulation from the large amounts 
of clothing worn. The winter clothing worn by Japanese 
female students when taking lectures in 1969 was 600 gm2 of 
body surface area, being the equivalent of only 40% of that 
worn in 1956 (Okukubo. 1975). 
it is worth noting that our clothing habits have altered 
in response to the rise in temperature levels required to 
create comfort conditions. 
We now turn our attention to situations-of the energy used 
for space heating and air conditioning in the domestic sector. 
7. 
In England, space heating accounts for over 60% of the total 
energy consumption in the domestic sector (Parry and 
Irving, 1980) and in Japan approximately 30% (Economic 
Planning Agency of Japan, 1982). The reduction of indoor 
air temperature by 10C produces an energy saving of 
approximately 10% (Humphreys, 1976 and Parry and Irving, 
1980) . 
From such a background, energy conservation practices have 
resulted in lowered ambient temperature levels during winter 
and higher ones during summer under the temperature guidelines. 
The Parker Morris recommended temperature for council 
dwellings is 65 0F (18.30C) in the living and dining areas 
(Ministry of Housing and Local Government, 1961). in 1974 
the Federal Energy Administration (FEA) in the United States 
established temperature guidelines for winter heating and 
summer cooling 60F (or 30C) lower and higher respectively 
than the optimum level 75 
0F (23.90C) currently set by 
ASHRAE standard 55-74. Their guidelines for winter indoor 
temperatures were 68-70 
0F (20.0-21.10C) and-for summer 
78-80 0F (25.6-26.70C) (quoted from Gagge and Nevins, 1976). 
In 1979 the Federal Emergency Building Temperature 
Restriction Plan placed a 65QF (18.30C) limit on heating 
and a 78 
0F (25.6 0 C) air temperature or 65 
0F (18.3O. C) dew 
point temperature limit on cooling in public buildings 
(quoted from Rohles, 1981). 
Several years later than America, in 1979, the Japanese 
Ministry of International Trade and Industry established 
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temperature guidelines for winter heating and summer 
cooling. Their guidelines for a winter indoor temperature 
was 18 0C and for summer 28 0 C. These values are applied to 
the home and public buildings (Energy Conservation Center 
of Japan, 1981). 
An approximately 20C higher guideline than America was 
chosen for summer in Japan, whilst similar values for winter 
temperature have been established in the 3 countries. 
We now face the problem of how to be comfortable while 
0 
conserving energy. In those guidelines the other 3 physical 
parameter levels, i. e. mean radiant temperature,, humidity 
and air velocity, are not specified, therefore modifications 
of these levels are first considered as a counter measure 
to increase comfort. For example, at the winter temperature 
of 18 0 C, higher humidity levels seem to be more desirable 
to achieve thermal comfort. But heating moist air requires 
more energy than heating dry air. In addition to this 
economic factor its contribution to comfort is not so large 
at such a low temperature despite the fact that humidity 
contributes significantly to our comfort at high temperatures 
(Nevins et al. 1966 and McIntyre and Griffiths, 1973). 
In consequence, the individual has to depend for control 
on clothing worn. From this concept clothing may be viewed 
as a micro-environment which, like buildings, may be more 
or . less responsive to change in air temperature, humidity 
and air velocity between the skin surf-ace and the innermost 
layer of clothing. 
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It has been accepted that for resting/sitting adults, the 
comfort temperatures between the skin surface and the 
innermost layer of clothing at the trunk lie between 31 
and 33 0C according to Japanese scientists concerned with 
clothing (e. g. Okukubo et al. 1982, p. 56). 
We can see that these values are slightly higher than those 
of thermal equilibrium for the nude subject at rest, but 
are almost the same as those ambient temperatures. 
The area of ambient temperatures for physiological thermal 
neutrality, in wrohich neutral temperature sensations lie for 
resting/sitting upclothed subjects can be interpreted as- 
the range from 28 - 32 
0C in the case of the mean radiant 
temperature, which equals those of air temperature, 
moderate humidity and still air velocity (Yoshimura, 1972, 
p. 353) . 
These figures vary slightly from one investigator to another. 
For instance: 30 0C (Winslow and Herrington, 1949, p. 136), 
29 - 33 
0C operative temperature (Winslow and Herrington, 
1949, p. 71), 28 - 30 
0C (Gagge et al. 1967), 28 
0C (Fanger, 
1967) and 290C (Humphreys, 1976). Namely, the comfort 
range is restricted to a very narrow band from. 28 - 30 
0C 
for naked subjects. Human beings are able to extend the 
comfort zone below 28 
0C with clothing creating a mobile 
personalised micro-climate for the wearer. one of the most 
important functions of clothing is to conserve body energy 
in the thermal regulation of physiological processes. 
Clothing serves as a barrier to heat transfer, i. e. it 
lo. 
reduces the amount of heat lost from the body to the atmosphere 
when the environmental temperature is lower than the minimum 
range of comfort (280C) .. -i 
According to Horn and Gurel (1981, p. 355) , the following 
characteristics of fibres, yarns, fabrics and garments are 
pertinent to the thermal qualities of clothing. Fibre: 
absorbency and density, yarn : smoothness and degree-of 
twist, fabric : porosity, thickness, weight per unit area, 
texture and colour, garment : number of layers, design 
and f it. 0 
The clothing worn by a person consists of individual layers 
of textiles with layers of air between them so that transfer 
of dry heat between the skin and the outer surface of the 
clothed body is quite complicated. To simplify calculations, 
Gagge et al. (1941) proposed the clo unit as a dimensionless 
expression for the total thermal resistance from the skin 
to the outer surface of the clothed body. Defined, 1 clo 
is the amount of insulation necessary to maintain comfort 
and a mean skin temperature of 92 
0F (33.30C) in a room at 
70 0F (21.20C) with air movement of less than 10 feet (3.0 
metres) per minute, humidity of less than 50% with a 
metabolism of 50kcalories/m 
2 /hr. (Forbes, 1968). 
The insulation of the clothing proper is calculated as: , 
T -T 
cl -s 
Hl 
a 
where 
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I cl = insulation of clothing ýn clo units 
Ia= insulation of air in clo units 
Ts= mean skin temperature, 0c 
Ta= ambient temperature, Oc 
H1 = heat loss from the clothing. 
From the work of Burton (1944), 1a was determined to be 0.14 
0 C/Kcal/m 2 /hr in terms of the thermal environments; 
approximately 21 0C and 3 m/min. 
Heat loss (Hl) means loss from the skin surface throughthe 
clothing worn due to the active thermal transfer mechanism 
of radiation, conduction and convection. The H1 is calculated 
as 38 Kcal/m 
2 /hr according to Newton's cooling law in the 
case of the mean skin temperature being 33 
0C 
and ambient 
temperature 21 0 C. 
Therefore the I clo is shown as below 
cl 
33 - 21 
a 38 
1 clo = 0. iälc m2 hr/Kcal = 0.155 
0 Cm 2 /W 
Thus, a clo may be defined in physical terms. as the amount 
of insulation that will allow the passage of 1 calorie/M2 /hr 
with a temperature gradient of 0.18 
0C between the 2 surfaces. 
The clo unit has been generally accepted and today is used 
in most parts of the world. in England, however, the term 
"tog" is also used, introduced by Peirce and Rees (1: 946). 
It is defined as 
1 tog = o. 116 
0cm2 hr/Kcal = 0.100 
0Cm2 /W = 0.645 clo. 
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In view of its world wide acceptance, thermal insulating 
values of clothing will be expressed in clo values in 
this study. 
0 
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1.2 Thermal Homeoýstasis and Enhancement Furxc*t: i, o*ns 
Maintainihg It 
(1) Mechanisms of Thermore ulAtion 
Man is thermally comfortable when the balance which exists 
between the heat gained and lost by the body is normally 
maintained. From this concept, how the body temperature 
is regulated is reviewed briefly in this section. This 
was done depending mainly on several comprehensive reviews: 
Hardy (1961), Hammel (1968), Benzinger (1969b), Hensel 
(1973), Parry and Irving (1980), Winslow and Herrington 
(1949) . Folk (1969) , Swan (1974) . Nakayama (1981) and 
Okukubo et al. (1982). 
The maintenance of constancy of the bodily state is an 
indispensable condition for man to function efficiently. 
The general concept of homeostasis was advanced by Cannon. 
The term 'homeostasis' may be defined as a tendency toward 
the maintenance of a relatively stable internal environment 
in the bodies of higher animals through a series of interacting 
physiological and biochemical processes. 
Homeothermy is part of the ability of organisms to maintain 
homeostasis or stability (Ashby, 1966). The core temperature 
of human beings is maintained at a relatively constant level 
within the range 97 - 99.5 
0F (36.1 - 37.50C), which is_ 
independent of the environmental temperature. In other words, 
human beings must maintain a constant internal body temperature 
to function efficiently. The body can tolerate reasonably 
0 
wide divergences from 37 C at least for a short time 
but 
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at rectal temperatures below about 30 0C shivering reactions 
may fail altogether, particularly if other stimuli are 
absent and the individual becomes sleepy. At temperatures 
below 27 0C the individual Is also depressed and the condition 
is very dangerous, while the upper limit for survival is 
probably a brain temperature of about 42 0C (Bazett, 1968). 
Thermoregulation rests upon a very simple principle: the 
core temperature will be maintained at a constant level if 
Heat gained = Heat lost. 
Heat is mainly gained by the body from internal metabolism. 
There is also gain of heat from the external environment 
and a little from any hot food that is ingested, if they 
are at a higher temperature than the body. The metabolic 
heat production is the result of exothermic biochemical 
reactions in the tissues, the energy for which 'is derived 
ultimately from food. 
Man converts his food into energy with an efficiency of 
approximately 25%. This means that for every watt (or 
calorie) of useful energy derived from the food, approximately 
3 watts (or calories) have to be dissipated as heat to 
the 
surrounding atmosphere (Parry and Irving, 1980) 
Heat production is increased by various factors. 
The most 
important factor associated with physiological responses 
have been considered as involuntary contraction of 
skeletal muscle. 
The 3 probable types of involuntary contractions 
have been 
presented by Haider and Lindsley 
(1964); body m; ýcro- 
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vibrations, physiological tremors and shivering. The 
shivering is believed to be a natural amplification of 
the continuously present tremor, being able to increase 
heat production to between 2ý and 5 times the basal level. 
It is produced by impulses passing down somatic motor 
nerves to the muscle (Horvath et al., 1956, jampietro 
et al.,, 1960, Davis and Johnston, 1961 and Hemingway, 1963). 
In addition, according to Tampietro et al. (1960) it is 
revealed that increasing the wind speed had a relatively 
greater impact on heat production than decreasing the dry- 
0 
bulb temperature. 
Heat production which does not involve skeletal muscle 
is sometimes termed non-shivering thermogenesis. From 
this concept, calorigenic action of hormones and specific 
dynamic action of food are concerned with the non-shivering 
thermogenesis. At present it is accepted that hormones 
associated with calorigenic action are the thyroid hormones, 
epinephrine and norepinephrine. These hormones increase 
the heat output of almost all metabolically active tissues 
independently of muscle contraction. Cold is a potent 
stimulus to thyroid function and epinephrine and norepinephrine 
release. The specific dynamic action of food is the increase 
in heat production following the ingestion of food, but the 
mechanisms have not been clarified. 
On the other hand, heat is lost from the skin surface by 
conduction, convection, radiation and evaporation of water. 
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The rate of heat lost by conduction, convection and 
radiation depends mainly upon the temperature difference 
between the skin and the adjacent air or solid objects. 
Alterations in the blood flow to the skin, therefore, are 
of fundamental importance to the control of heat loss. 
high blood flow through the skin is brought about by 
vasodilation in the skin, a little blood flow by vasoconstrictii 
The changes in the pattern of blood flow to the skin are 
largely controlled by activity in nerves from the sympathetic 
division of the autonomic nervous system. The effectiveness 
of convection also depends strongly upon the free movement 
of air at the skin surface. 
Perspiration is concerned with the evaporative heat loss 
from the skin surface where each gram of water evaporated 
entails the loss of approximately 0.58 Kcal. from the body. 
Perspiration. is of three types: (1) insensible water loss; 
(2) thermal sweating and (3) non-thermal sweating. The 
last one is also called emotional sweating, which is of 
minor importance in the dissipation of heat. The 
vaporization of body water is the only mechanism available 
for the heat loss when the environmental temperature is 
higher than that of the body. 
The extensive investigations by Benzinger 
(1969,1969b and 
1978) present the following findings. At skin temperatures 
above 33 
0C sweat secretion occurs without relation to 
the 
magnitude of the skin, temperature where 
the onset of 
sweating is determined to 
be at a tympanic temperature of 
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36.8 0 C. On the other hand, with a reduction of the skin 
0 temperature below 33 C the onset of sweating shifts to a 
higher tympanic temperature. Sweat secretion does not 
occur at skin temperatures below 29 0C even though the 
tympanic temperature increases to 37.6 0 C. This is 
interpreted as the effect of cutaneous receptors on the 
inhibition of thermoregulatory sweating. 
The heat exchange between the body and its environment 
has been expressed by the following equation (Winslow and 
Herrington, 1949, p. 53) 
0 
R+C= 
where M= heat gained by metabolism 
E= heat lost by evaporation 
R= heat gained or lost by radiation 
C= heat gained or lost by conduction 
and convection 
S= heat stored, if S is positive the 
core temperature increases, if S 
is negative the core temperature 
decreases. 
E is always negative because evaporation of both insensible 
and sensible perspirations at the skin surface always 
result in heat loss. R is positive when surrounding 
surfaces are at a higher temperature than the body surface 
and negative when these surfaces are at a lower temperature 
than the body surface. C is positive when air temperature 
exceeds that of the body surface and negative when it is 
lower than that of the skin. The core temperature of the 
body is normally maintlained when the heat stored represents 
zero. The integrated effects ofthermal environments 
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govern the total rate of heat exchange, and this affects 
the thermal sensations which determine whether an 
individual feels comfortable. 
It has generally been accepted that there are 3 sets of 
thermoreceptors in man (Hensel, 1978) (1) central nervous 
system thermosensors (e. g. existing in hypothalamus); 
(2) deep body thermosensors (concerned with blood vascular 
system); and (3) cutaneous thermosensors (skin). 
The hypothalamus contains 2 anatomically discrete areas 
concerned with thermoregulation. One, in the anterior 
hypothalamus, functions to prevent overheating. The other, 
in the posterior hypothalamus, is concerned with thermo- 
regulation in cold. 
From these 3 areas of reception above, we receive temperature 
stimulation, although their contributions vary depending on 
thermal environmental conditions. According to Hardy (1970) 
the physiological correlation of thermal comfort is a 
composite of: (1) the signals evoking temperature sensations; 
(2) the signals for thermoregulation; and (3) those 
sensations arising from the thermoregulatory activities of 
vasomotor control of skin blood flow, sweating and shivering. 
With respect to mechanisms of human thermoregulation Benzinger 
(1969b and 1978) explains as follows. Heat loss mechanisms 
such as sweating and vasodilation are elicited by central 
warm reception in the anterior hypothalamus. For conservation 
mechanisms (vasoconstriction and shivering), cutaneous 
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thermoreceptors pass information on skin temperature to 
the posterior hypothalamus which integrates this and 
instigates heat conservation strategies. 
Parry and Irving (1980) point out in their review that 
experimental results have led workers to 2 separate 
conclusions concerning heat conservation. One is the 
view of Benzinger mentioned above, and the other school of 
thought (Breliner and Kerslake, 1961) holds that-a change 
in deep body temperature, which is sensed by the posterior 
hypothalamus itsplf, is necessary for the heat conservation 
mechanism to come into play. In agreement with the opinion 
of Parry and Irving, the view of Benzinger is considered to 
be the most favoured. 
Finally, we turn our attentions to how thermoregulation in 
man is accomplished in response to varying environmental 
temperatures. 
For resting/sitting unclothed subjects, the area of ambient 
temperatures for physiological thermal neutrality, in 
which neutral temperature sensations lie, is considered to be 
the range from 28 - 32 
0C (Winslow et al., 1949, p. 136, 
Gagge et al., 1967, Yoshimura, 1972, p. 353 etc., see Section 
0 
1.1). Above 32 C comparatively little heat can be lost by 
convection and sweating begins. Below 28 
0C heat production 
is increased by the involuntary contraction of skeletal 
muscle (shivering) and calorigenic action of hormones. 
Wearing clothing, we are able to extend the range of 
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physiological thermal neutrality below 28 0 C. This is the 
most important role of the clothing from the hygienic 
point of view. 
(2) Differences of Thermoýregulatory 'Responses in 
Sex and Age. 
Winslow and Herrington (1949) in the classical book state 
that nearly all the studies of reactions to the thermal 
environment have been made with young adult male subjects. 
The most important exception is the study of sex difference 
by Hardy and DuBois (1940). Even nowadays it seems to be 
lp 
rather difficult to involve women subjects for the experiments. 
In the study of Hardy and DuBois (1940), 7 women, aged 
21 - 35, and 2 men, 33 and 54 years old, were exposed 
unclothed to temperatures between 22 and 35 0C in the 
respiration calorimeter. The rectal temperatures of the 
sexes were the same for comparable conditions, however, 
striking differences in the sexes were found as follows. 
The conductance of the skin was throughout less for the 
women than for the men. As a result of this difference, 
the average skin temperatures of women were about 1.0 
0c 
lower in the cold zone, and about 1.7 
0C higher in the hot 
zone than those of the men. Accordingly, the heat loss 
for women in the cold zone was about lo% lower than that 
of men. In the same way, in the warm zone, the heat loss 
of the women was about 14 - 20% lower than that of the 
men because the women did not sweat as much. In addition, 
the women did not begin to show active sweat secretion till 
the air temperature had been raised to about 32 - 33 
0 cr 
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while the men begain rapid vaporization at 29 0 C. 
The lower conductance values obtained for the women could 
be due to differences of thicknesses of subcutaneous fat 
between the 2 sexes. In general, women have a thicker 
layer of subcutaneous fat. From the findings above, Hardy 
and DuBois conclude that women have a better physiological 
adjustment -than men 
in their thermoregulatory response to 
heat and cold. 
It has been confirmed that in hot environments women do 
not sweat as much as men even though they have an equal, 
if not greater, number of heat-activated sweat glands 
(Hardy, 1961, Morimoto et al., 1967 and Weinman et al., 1967) , 
but opposite results have also been reported (Matsui, 1955). 
In spite of the lower evaporative heat loss of women in heat, 
-however, they appear to be capable of regulating their 
internal temperatures about as well as do men (Morimoto 
et al.,, 1967, Weinman et al., 1967 and Fox et al., 1969). 
Paolone et al. (1978) made an experiment to determine 
sexual variations in thermoregulation during heat stress 
where 4 male and 3 female physically fit adults performed 
a treadmill walking task in neutral (25 
0 C), warm (32 
0 C) - 
and hot (40 
0 C) environments. In conclusion, it was shown 
that the females were more efficient regulators of body 
temperature than the males since they experienced less 
severe body water losses and metabolic increases with work 
in the hot environment. 
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On the other hand, there are only few works on the difference 
between men and women in their response to cold tolerance. 
In an experiment by Osada et al. (1972), young subjects 
(N = 13 each sex) clothed with 1 clo lying on a net bed 
were exposed to cold (10 0 C) for 60 minutes in both summer 
and winter. It was concluded that men's response to cold 
was determined by their metabolic rate, whereas for women 
it was determined by the insulative effect. Furthermore, 
it was clear that the women were more tolerant to cold 
than the men, especially in winter, because they could 
0 
resist the cold by reducing heat loss from the body surface 
without a remarkable increase in metabolism. 
It is considered that the thicker layer of subcutaneous 
fat in women may contribute to their cold tolerance. 
Nevertheless, decrement of the average skin temperature 
did not relate significantly to the skin fold thicknesses 
of the women subjects. One of the reasons for this might 
be attributed to the difficulty of determining accurately the 
skin fold thickness as noted by Osada et al. 
In connection with this, a significantly lower skin 
temperature of the trunk was observed in the females with 
a thiCker skin fold than those with a thin one in relation 
to the female students (N = 50) who were in good health 
and felt comfortable (Okukubo, 1971b). These findings 
substantiate the fact that a smaller conductance of the 
skin was obtained in women than in men (Hardy and DuBois, 
1940) - 
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Meanwhile, older people have a lower basal metabolism and 
thus do not generate as much heat as younger people. On 
the basis of this concept, it has been revealed that there 
exist age differences in the thermoregulatory responses to 
cold exposure. 
Horvath et al. (1955) observed that young men's skin 
temperatures fell to low levels and they were able to prevent 
a fall in rectal temperature by increasing their metabolic 
rates when they were exposed to a cold environment. Older 
men, however, shQwed a moderate decline in rectal temperature, 
and the fall in skin temperature was less in older men than 
in young men. This was based on the fact that older men's 
metabolic rates did not increase as much as young men's. 
Bernstein et al. (1956) also observed a delay in the 
metabolic response to cold exposure in older women when 
compared with younger women. 
The thermoregulatory response of children to cold exposure 
has hardly been investigated. Wagner et al. (1974), in 
their experiment to find out effects of age upon temperature 
regulation in neutral and cold environments, involved male 
subjects ranging in age from 10 - 67 years. The subjects 
consisted of 4 sub-groups defined by age. The age groups 
were 10 - 13,14 - 16,20 - 29 and 46 - 69. There were 
at least 7 subjects in each group. The subjects, wearing 
only shorts and socks, reclined for 1 hour in a thermoneutral 
room of 30 
0 C, immediately followed by 30 minutes in a cold 
environment ranging from 16 - 170C. The findings showed 
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that the younger subjects reacted rapidly to the cold by 
increasing metabolism and minimizing heat loss by cutaneous 
vasoconstriction, whereas older men showed little increase 
in metabolism and experienced greater reductions in their 
body heat stores. These observations support those by 
Horvath et al. (1955) relating to the male adult subjects. 
(3) Acquisition of Enhanced'Tolerance to Cold 
It is well known that man can achieve the enhanced tolerance 
to cold, in other words, adaptation to cold by prolonged 
exposure to low ýemperatures. Cold adaptation is the sum 
of the physiological responses to maintain thermal 
homeostasis. Hammel (1963) classified the types of cold 
adaptation in man: metabolic, insulative and hypothermic. 
The metabolic type of cold adaptation is characterized by 
an increase in heat production without the intervention of 
shivering. We can cite the findings derived from the study 
of Scholander et al. (1958) as a typical instance relating 
to metabolic adaptation. A group of Norwegian youths (N = 8) 
was studied during a6 week stay under primitive conditions 
in the Norwegian mountains above the tree line. They were 
requested to expose themselves as much as possible to cold 
wearing summer clothing. They had enough food, and kept busy 
hiking, fishing and hunting so they could relieve cold 
stress by exercise. 
Snow and sleet were common, and night temperatures were 
usually around 3-50C. - At night they undressed and slept in a 
single blanket bag with a hydrophobic cover. After 6 weeks 
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they acquired a considerable adaptation to cold stress. 
During rest their heat production remained on average 
50 - 55% higher than the basal -rate before the adaptation. 
Thus , the metabolic response of this group was higher than 
that in the control group. A striking difference existed 
in the behaviour of foot temperatures; they dropped markedly 
more in the controls than in the cold-adapted group, whereas 
no significant change was noted in the rectal temperature. 
The difference between the foot temperatures of the 2 groups 
was much greater in the sleeping bags at around 30C than in 
0 '0 
the 20 C room. In conclusion, Scholander et al. noted 
that the metabolic adaptation to cold found in man agrees 
with data obtained on other homeotherms. 
The same type of adaptation was found in Eskimoes. The non- - 
shivering metabolism of the Eskimo is 30 - 40% greater than 
that of Europeans, furthermore they have a marked ability_ 
to withstand cold hands (Schblander, 1958c) . In addition, 
the behaviour of cold-adaptation of the Amas, the Korean 
and Japanese female pearl divers, should be mentioned here. 
They engage in their diving work throughout the year, the 
water temperature reaching 10 
0 C. Hong (1963) found a 17% 
increase in the basal metabolism of the Amas-during winter 
when exposed regularly to cold water. Their shivering 
threshold was determined to be shifted to a markedly 
lower temperature level than that of the control group. 
A great deal of investigations have been conducted on 
the 
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mechanisms involved in the increase of non-shivering 
thermogenesis in small animals, but little information has 
been discovered for man. The formation of brown fat during 
prolonged cold exposure is considered to be the important 
factor associated with the non-shivering thermogenesis 
(Smith and Horwitz, 1969, and Chaffee and Roberts, -1971). 
The significance of the thyroid in the development of brown 
fat has been found in rats (LeBlanc and Ville-maire, 1970). 
However, no formation of brown fat is known in man (Hensel, 
1973) The important factor involved in the enhanced 
0 
metabolism in man seems to be norepinephrine liberated from 
the sympathetic nerve endings. It was found that the effect 
of epinephrine on heat output was greater in cold-acclimatized 
dogs than in the control dogs (Nagasaka and Carlson, 1965) . 
This change in the calorigenic effects of norepinephrine 
has been confirmed in men who are cold-adapted (Folk, 1969, 
108) . 
The insulative type of cold adaptation is characterized by 
an increase in the body insulation from the environmentr 
as found in Australian aborigines. They customarily sleep 
unclothed on the ground at night, the winter night temperatures 
falling to freezing or below, and the radiation temperature 
of the sky being about 200C below the ambient temperature. 
It was found that the metabolism of the natives was not 
elevated by the cold and that their skin temperature was 
low (Scholander et al., 1958b and Hammel et al., 1959) - 
Although the natives did not increase heat production over 
the initial value, a cold-induced metabolic reaction of. 
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about 40 - 50% was observed in the white controls. (Hammel 
et al. ) Particularly, skin temperature,. of the natives 
dropped much more than that of the whites, their foot 
temperature dropped regularly to 12 15 0C (Scholander 
et al. ) It was therefore concluded that the natives 
increased the insulation of the body shell by vasoconstriction. 
The hypothermic type of cold adaptation is characterized by 
lowering the body thermostat to more economic levels. These 
mechanisms are also found in the central Australian aborigines 
(Scholander, 195pc) who tolerate some drop in body temperature 
without a costly increased heat production and without 
shivering that would interfere with quiet sleep. 
Davis (1961) observed the same reaction as that found in 
the Australian aborigines in his experiment involving 
students. A group of students was observed over a period 
of 1 month during which they spent 8 hours daily in a climatic 
chamber adjusted to 80C wearing light clothing. After 1 
month's exposure to cold, heat production and rectal temperature 
of the subjects were both reduced. These values obtained 
2 
at the end of the period of study were about 51 Kcal/m hr 
and 36.4 0C respectively. It is interpreted that they had 
developed hypothermic adaptation. 
Another type of response which is involved in cold adaptation 
is seen in fishermen, fish filleters or farmers who are 
used to working with bare hands in the cold (Hensel, 
1973). 
They are able to stand . localised cooling that is presumed 
to be very painful. 
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This is the response which is caused by repeated exposure 
to localized cooling of the hands. From the viewpoint of 
Glaser et al. (1959) such cold adaptation is a process 
mediated by changes withih the central nervous system, 
rather than in the periphery. This type of adaptation 
with which the central nervous system is concerned is 
usually called habituation. 
Various responses concerned with cold adaptation have 
been investigated besides the above mentioned, e. g. 
adaptive change% in peripheral nerves and receptors 
(Hensel, 1973) , but it seems to be unknown whether those 
responses are involved in cold adaptation in man. Even 
the reasons for the isolation of the different types of 
cold adaptation mentioned above have not yet been proved 
(Yoshimura, 1983) . 
The increase of basal metabolism in sportsmen is a matter 
of concern and interest in relation to the metabolic type 
of cold adaptation. It is noted that the trained athlete 
has a metabolism about 5% above the mean obtained among an 
ordinary group (Winslow and Herrington, 1949, p. 19). 
Some investigators indicated experimentally that physical 
training generally promoted cold adaptation and enhanced 
the body's tolerance to cold (Adams and Heberling-,, 1958, 
Heberling and Adams, 1961, Araki et al. , 1978. and 1980) - 
Adams and Heberling (1958) investigated the effects of 
a standardised cold stress on male adults (N = 5) before 
and after an extended physical training programme designed 
29. 
to increase the level of physical fitness. The subjects 
were between the ages of 18 and 22 years. Rectal and skin 
temperatures and metabolic rates were determined throughout 
1 hour's exposure of the nude subjects to an ambient 
temperature of 10 0 C. After the physical training programme, 
average levels of heat production were 15 Kcal/m 
2 /hr higher, 
mean skin temperatures 1.0 0C higher and foot and toe 
temperatures 3.0 and 4.0 0C higher, respectively, with no 
significant differences in average body temperatures throughout 
the cold room exposures. 
0 
In another investigation by Heberling and Adams (1961), 
unclothed male adults (N = 5) were exposed for 1 hour to a 
temperature of 10 0C in a cold chamber after normal activity, 
after physical training and after bivouac in the Alaskan 
interior for 6 weeks. After the programme of physical 
training, but before the bivouac, mean skin and extremity 
temperatures were statistically higher than those recorded 
before training; no differences were noted after the 
bivouac when the level of physical training remained unchanged 
and the only variable was exposure to cold. Additional 
evidence indicated that cold-induced vasoconstriction may be 
reduced, and metabolic response may be enhanced at the s ame 
time by physical training. 
Araki et al. (1978) investigated the effects of physical 
training on cold tolerance involving Japanese male students 
(N 18) There were 8 physically well trained men who 
had been participating in particular competitiveathletics 
for the past 7 years. The others were physically untrained 
3o. 
men. The subjects wore experimental clothing and were 
exposed to 100C for 1 hour in both summer and winter. 
Durinq the period of exposure to cold, rectal and mean skin 
temperatures and metabolic rate were measured. Resting 
metabolic rate was higher in the trained group than in the 
untrained one. Although no significant group differences 
were shown in the metabolic rate during the period of 
exposure to cold, the rate of increase from the resting 
value was lower in the trained group than in the untrained 
group. To confirm the training effects, other untrained 
0 
men (N = 3) were asked to perform a physical training 
programme for 40 days. After the programme, the resting 
metabolic rate was higher and the rate of increase from 
the resting value during the period of exposure to cold 
lower after the training than before. 
In addition, Araki et al. - (1980) investigated the effects- 
of physical training on thermoregulatory responses to 
alternate stress of heat and cold. Subjects were Japanese 
male students of which 4 were physically wel 1 trained men 
and the others physically untrained. The results indicated 
that the effect of physical training was discernible on the 
thermal adaptability to the alternate stress of heat and , 
cold. 
Stromme and Hammel (1967) found in their experiment using 
rats,, that the metabolic response of an active group which 
was demonstrated by improved physical 
fitness, was about 
13% greater than that of the untrained group 
during exposure 
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to co 1 d. It was suggested that the enhanced capability to 
elevate the metabolic rate during cold stress in the trained 
group was mainly due to an improved shivering capacity. 
on the basis of these findings it is assumed that physical 
training probably contributes to the maintenance of internal 
body homeostasis against the alternative stress of cold. 
(4) Phy'siologicall Comfo, rt Conditlons and' 'Skin Temperature 
It has been known that thermal sensation correlates well 
with skin temperature independent of whether an individual 
0 
is nude or clothed. Winslow et al. (1937) investigated the 
relationship between skin temperature and thermal sensations, 
which were measured using a 5-point scale; very pleasant, 
pleasant, indifferent, unpleasant and very unpleasant. 
Unclothed sedentary subjects were exposed to operative 
temperatures ranging from about 65 - 105 
0F (18.3 - 40.60C). 
For the central zone (indifferent) the range of mean skin 
temperature was determined to be 88 - 92 
0F (31.1 - 33.30C). 
For the cold side, the mean skin temperature fell and the 
sense of unpleasantness rose sharply, showing a correlation 
with skin temperatures of -0.64 + 0.09. In contrast to 
this, for the hot side, the mean skin temperature rose above 
92 0F (33.30C) and the sense of unpleasantness indicated a 
correlation of +0.50 + 0.08 with the skin temperatures. 
It was concluded that discomfort occurred 
if the mean skin 
00 
temperature exceeded 34 C or fell below 32 C 
(Winslow and 
Herrington, 1949, p. 11.1). moreover, Winslow et al. 
(1949 
p. 63) state that when the individual 
is thermally comfortable 
32. 
the skin of the toes may be at 27 0 C, that of the upper legs 
0 and arms at 31 - 32 C, with forehead temperatures near 
34 - 35 
0 C, and deep body temperatures at 37 - 380C. in other 
words, the body has at its disposal a first 
-line 
defence in 
the heat capacity effects of the extremities and peripheral 
skin and tissue to maintain internal temperature within a 
narrow range, around 370C. 
Gagge et al. (1967) confirmed the findings of Winslow et al. 
(1937, ) that discomfort correlates best with reducing -the 
mean skin tempera-ýure and cold environments and with increased 
sweating and hot environments. Furthermore, observations 
were made of variations in comfort and temperature sensations 
with mean skin temperatures on exposure to cold and warmth. 
Near the threshold of discomfort, at a mean skin temperature 
of 33 0 C, cold sensation is very responsive to lowering of 
the skin temperature and increases initially more rapidly 
than discomfort. For transience from cold to warm, serious 
discomfort did not begin until the mean skin temperature 
had reached 36.5 0 C. In contrast, marked sensations of warmth 
appeared at relatively low mean skin temperatures and increased 
0 
only slightly above C. 
At this stage, levels and distributions of the mean skin 
temperature are reviewed more precisely in relation to those 
for sedentary persons who felt thermally comfortable. 
According 
to the Thermal Physiology Commission of international Union. of 
Physiological Sciences 
. 
(Bligh and Johnson, 1973) , the mean skin 
temperature (Tsk) is defined as follows: the sum of 
the 
products of the area of each regional surface element 
(Ai) 
33. 
and its average temperature (Tý) divided by the total body 
surface area (Ab) 
Tsk =(Z Ai * Ti) /Ab 
Methods of measurement of the mean skin temperature are 
reviewed in a later section (see 3ection 1.4) . 
Fanger (1973) determined mean skin temperatures of several 
groups in relation to preferred ambient temperatures. The 
subjects were all Danes, wearing standard clothing (0.6 clo) 
and were examined in a climatic chamber. 
W% 
The mean skin temperature of young people whose average age 
was 24 years (N = 32) was determined to be 33.5 0C under the 
preferred ambient temperature of 24.50C. That of elderly 
people (an average of 84 years old, N= 16) was 33.2 0C under 
the preferred ambient temperature of 25.4 0 C. His group was 
winter swimmers who bathed daily in the sea (N .= 
16) . The 
mean skin temperature of this group was determined to be 
33.3 0C under the preferred ambient temperature of 25.0 
0 C. 
The other group consisted of Danes working in the cold meat 
packing industry (N = 16) . Their mean skin temperature 
was 33.6 0C on average under the preferred ambient temperature 
of 24.7 0 c. It can be seen that the mean skin temperatures 
obtained lay within the range of comfortable irrespective 
of the group type. 
Ogawa et al. (1974 and 1975) made a series of experiments 
to clarif y the optimum thermal conditions in relation 
to 
physiological response 
.s involving Japanese students. They 
were exposed to 20,22,24 and 26 
0CE. T. (effective 
34. 
temperature) for 90 minutes in a sitting Position both 
naked and clothed (1.4 clo). 
The mean skin temperature was determined to be 330C 
independent of whether the subject was naked or clothed 
(N =3 of each sex) under neutral temperatures (Ogawa 
et al. , 1974) . The value for the mean skin temperature 
(330C) was confirmed in both summer and winter where 4 
subjects of each sex were involved (Ogawa et al., 1975) . 
Isoda et al. (1915) observed the mean skin temperatures 
0 
ranging from 33.5 - 34.5 C for Japanese young men (N = 7) 
who voted for neutral on a thermal sensation scale. The 
actual skin temperatures for each measuring site were 31 - 32 
0C 
at the calves, 33 - 34 
0C at the anterior thighs and 35 - 36 
0C 
at the upper chest respectively. 
The mean skin temperatures observed for Japanese subjects 
can also be seen to lie within the region of comfortable 
which was proposed by Winslow and Herrington (1949, p. 111) - 
According to Hardy (1970), the physiological comfort 
conditions are described as follows: (1) internal body 
temperature 36.6 - 37.1 
0 C; (2) mean skin temperature 33 - 34.50C 
for men and 32.5 - 35 
0C for women; (3) local skin temperature 
variable over the body but generally between 
32 and 35.5 
0 C; 
(4) temperature regulation active and completely accomplished 
by vasomotor control of blood flow to the skin. 
It will be noted that the range of comfortable 
mean skin 
temperatures for women (32.5 - 35 
0 C) is wider than that of 
35. 
Winslow et al. (1937). We can reco. gnize individual 
differences for that temperature in several works. 
For sedentary man, under the preferred ambient temperature 
of 26.1 0 C, the mean skin temperature obtained was 33.0 0C on 
average, but varied from 32.1 - 33.90C among 8 subjects 
wearing clothing with 0.6 clo (Olesen et al., 1972) . In 
the same way, it is observed in the work by Ogawa et al. 
(1975) that the comfortable skin temperatures varied from 
010 about 30.5 - 34 C amoýq 8 students. The average was 33 C 
as previously merýtioned. 
Such individual differences might be due to differences in 
physiological as well as personal human factors. 
on the other hand, later work by Fanger (1973) based on 
data collected by McNall et al. (1967) showed the fact that 
at activities more physical than sedentary, man prefers a 
lower mean skin temperature and also that he prefers to sweat. -- 
Fanger (1973) expressed the relationship between mean skin 
temperature and comfort as: 
Tsk = 35.7 - 0.0276M (0 C) 
where Tsk = skin temperature during comfort 
M= metabolic rate per unit body surf; -, tce 
area (sedentary activity =-58 W/m2) 
From this equation it is understood that as activity level 
increases the comfort skin temperature decreases. For 
sedentary persons, the comfortable value of 
the skin 
0 
temperature is determined to be approximately 
34 C, while 
0 
that value decreases to approximately 
31 C at an activity 
level 3 times that of the sedentary level. 
He also 
36. 
expressed the relationship between sweat secretion and 
comfort as: 
Esw = 0.42 (M - 58) (W/M2 ) 
where Esw = sweat secretion during comf ort 
M= metabolic rate/unit body surface area. 
From this equation it can be seen that man prOfers a sweat 
secretion of zero during sedentary activity (M = 58 W/m 
2 )1 
while at higher activities he prefers a sweat secretion 
involving a total heat loss of 42% of the increased heat 
production of the body. Ambient temperatures which were so 
low that no sweating occurred were felt to be much too cold. 
0 
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3 Individual Differe. 'n'ces 'of* Clothing and Thermal Comf ort and Factoýrs: Attecting' Those -6-17-ff 'ereýrjces 
Individual Dif ferences ', of C*lothin*c , T and Thermal Comfort 
A large number of studies has been published on the human 
response to the thermal environment. Many of them have 
been made with the purpose of defining the range of comfort 
conditions by the population concerned. 
It should, however, be emphasised that there exist remarkable 
individual differences in comfort temperatures.. An extensive 
study was made by Rohles and Nevins (1971) in order to 
'0 determine the full range of thermal conditions at which 
sedentary subjects report feeling comfortable, and this 
indicates a surprisingly wide range. The subjects were 
1,600 (800 of each sex) college-age students. They were 
exposed wearing standard clothing (0.6 clo) for 3 hours 
to 20 dry-bulb temperatures ranging from 60 - 98 
0F 
(15.5 - 36.70C) in increments of 20F at each of 8 relative 
humidities, 15,25,35,45,55,65,75 and 85%, then 
required to report their thermal sensations on a 7-po-int 
scale every half hour. For the sedentary subjects wearing 
a uniform with 0.6 clo 'comfortable' votes were obtained 
between temperatures of 62 
0F and 98 
0F (16.7 and 36.70C) after 
an exposure of 3 hours. 
Individual differences of thermal sensations were statistically 
proved according to work by Rohles et al. 
(1973) to investigate 
the influence of clothing and temperature on comfort. 
Sedentary subjects (75 college students of each sexJ were 
exposed for 3 hours to moderate 
temperatures where the clo 
38. 
I 
values for standard clothing worn by the subjects varied 
from 0.4 - 0.8 clo. Both these works found sex differences 
in their adaptations to thermal environment, - but any other 
contributing factors to the individual differences were not 
taken up. Such individual differences in comfort conditions 
have been confirmed by our previous field survey (Irving 
et al., 19 81) in which preferred ambient temperatures chosen 
by students (N = 150) when they were studying in their single 
study rooms were determined. The preferred ambient 
temperatures (globe temperature) for the whole sample were 
observed betweenO17.9 and 24.2 0 C, where the coefficient of 
variation (percentage of standard deviation to mean) was 
calculated as 6.3%. 
The 95% confidence interval estimated for the mean clo 
value (0.73 clo) for clothing worn by the whole sample 
was between temperatures of 18.7 and 22.4 
0 C. This range 
is smaller than that of the raw data but still shows a 
remarkable width. Fishman and Pimbert (1978) confirm this 
variation because at an air temperature of 22 
0 C, 60% of their 
sample were comfortable, 34% slightly warm or-slightly cool 
and the remaining 6% dissatisfied and likely to complain. 
This was derived from their survey of office workers 
(19 
males and 7 females) who were monitored every working 
day 
for 1 year. The figure of 6% dissatisfied 
is in agreement 
with Fanger's prediction of 5% as 
the minimum number of 
people who would be dissatisfied 
in any one environment 
(Fanger, 1972, p. 130)-. 
An extensive analysis of thermal 
comfort data from field 
surveys has been made by 
Humphreys (1975) with reference 
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to 36 surveys, involving some 250, ooo comfort. votes, which 
have been made during the last 40 years in almost every part 
of the world. The studies referred to indoor conditions. 
The majority of the respondents were office workers but 
school children were also included. 
Humphreys demonstrates that the neutral (neither cool nor 
warm) temperature of a group varies from 17 - 320c, and 
suggests that a large part of the discrepancy will be owing 
to individual variations in clothing. In addition, he 
noted that seasorl and thermal history of the people had an 
influence on the neutral temperatures. 
Unfortunately, very few field studies investigate clothing 
level besides ambient temperature. In the previous study 
(Irving et al., 19 81) , the thermal insulating values (clo 
value) for the clothing ensemble worn by the respondents 
feeling comfortable varied from 0.42 - 1.10 clo. The 
coefficient of variation was determined to be 20.5%. From 
this figure we can recognise the fact that much greater 
individual differences exist in the clothing levels compared 
with those of preferred ambient temperatures. 
This observation substantiates the results reported by the 
author (1971) involving Japanese female students (N. = 103). 
Clothing weights for the clothing ensembles worn by 
respondents to achieve thermal comfort during lessons varied 
from 291 - 1014 9/m 
2 
at the same winter temperature. The 
coefficient of variat16n was determined to be 23.3%. 
Such remarkable individual differences in clothing 
levels 
40. 
have been confirmed by other field surveys involving larger 
samples col lected from the whole of Japan (Ohno, 1983 and 
Research Group on Clothing Construction, 1982). 
The coefficients of variation in clothing weights for the 
clothing ensembles worn by respondents at home in winter 
were 33.2% for the female students (N = 861) and 29.4% for 
the male students. Those obtained in autumn were 27.2% 
for the females (N = 851) and 29.1% for the males (N = 475). 
Approximately 80% of the total voted for the comfort zone 
on a 7-point scale irrespective of sex and season 
(Ohno, 1983). 
One of the explanations for greater coefficients of 
variation being obtained compared with those of our previous 
work could be attributed to the fact that 'discomfort' votes 
were included for the data analysis in this case, whereas 
the sample was restricted to those who felt 'comfortable' 
in the other cases (Okukubo, 1971 'and Irving et al. 1981). 
With clothing weights for the clothing ensembles worn by 
pupils of the fifth and sixth years in their primary schools 
in winter, the mean coefficients of variation were 24.2% 
for girls (N = 1028) and 28.0% for boys (N = 1043). Those 
values obtained in autumn were 30.0% for girls (N = 1071) 
and 37.4% for boys (N = 1080) respectively (Research Group 
on Clothing Construction, 1982). The individual -difference. 3 
in autumn were much greater than those in winter 
in both 
groups of boys and girls and is therefore of 
interest. 
Regarding the work previously discussed involving 
1,600 
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subjects and the individual differences of comfort 
temperatures (Rohles and Nevins, 1971), it is apparent 
that if the ambient temperature is fixed individual 
differences occur in their thermal sensations. It will 
therefore be assumed that the amount of clothing worn by 
them to create comfort conditions will inevitably vary 
under the thermal environment specified. Thus, the 
individual differences observed in clothing and comfort 
temperatures mean that there are 2 types of behaviour of 
people in response to thermal comfort, people who are warm 
enough when wearing light clothing and those who need more 
clothing to keep warm at the same temperature. 
From this concept, the following questions occur: Which type 
is more desirable from the physiological aspect? How should 
one modify one's personal variables to master the desirable 
clothing habits? It should, however, be pointed out that 
little attention has been paid to attempt to clarify such 
themes in the history of research into thermal comfort during 
the past 60 years - 
(2) Factors Affecting Individual Differences of Clothing 
and Thermal Comfort 
The following 6 variables are considered to be the most 
important in affepting thermal comfort: (1) air temperature, 
(2) mean radiant temperature, (3) humidity, -(4) air 
velocity, (5) clothing level and 
(6) activity level. 
Physical thermalparameters 
The physical variables of the thermal environment 
are those 
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which affect the heat transfer from a person to the 
environment. The integrated effect resulting from combinations 
of 4 physical thermal parameters governs a man's thermal 
sensation. The temperature of surrounding surfaces, in any 
environment, is the governing factor for the amount of heat 
lost from the body by radiation, whilst the temperature of 
the air influences the heat loss by convection. The mean 
radiant temperature and the air temperature are of roughly 
equal significance in the determination of subjective thermal 
comfort when air velocities are low (Mackey, 1944). In 
practice, it is recommended that the air temperature should 
0 be no more than 5C different from the mean radiant 
temperature. As previously reviewed, there exists a 
surprisingly large difference in ambient temperatures which 
are preferred by individuals. 
The amount of moisture in the atmosphere affects the heat 
loss by evaporation. Rowley et al. (1947) indicate that at 
air temperatures between 21 and 25.5 
0C relative humidity 
has very little effect upon sensations of comfort. These 
findings are supported by Miura (1968). However, McIntyre 
(1978) reported that at a comfortable temperature of 230C 
both low and high humidities were rated as worse than the 
middle levels of 40 - 50% on such scales as oppressiveness 
and stuffiness. 
Nevins et al. (1966) have proposed a temperature-humidity 
chart for thermal comfort of seated 
individuals based on the 
data from 72 experimental conditions. The chart shows 
the fact that relative humidity has some 
influence upon 
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both sensations of comfort and warmth at high temperatures, 
that is increasing the relative humidity made the subject 
feel warmer and more uncomfortable when he/she felt too 
warm. McIntyre and Griffiths'(1973) reported the same 
results as Nevins et al. (1966) in the effect of atmospheric 
humidity upon subjective responses. 
The heat transfer between the body and the surrounding air is 
influenced by the speed of the air passing over it. If the 
ambient temperature is lower than the surface temperature of 
the body then coqling occurs and the convective heat loss 
will vary as the square root of the air velocity. Increasing 
the air velocity from 0.1 - 0.3 m/sec requires an increase 
of 1.5 0C in the ambient temperature to maintain comfortable 
conditions. 
Activity Level 
The amount of heat loss that must be dissipated by a person 
to the surroundings depends mainly on the individual's 
activity. The energy expenditure for sleeping and resting 
is in the region of 40 W/m 
2 
of body surface area. Extra 
energy is expended by a seated person, when compared with a 
sleeping or resting person, because of the tension of the 
skeletal muscles necessary to control the posture. As a 
typical value of the various sedentary occupations at 
home, 
55 W/m 
2 is taken, although there are' quite wide individual 
variations (Passmore and Durnin 1967) - 
2 
For the person at a sedentary task (55 W/M 
) the optimum- 
(or neutral) temperature, assuming 
the thermal insulating 
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value for the clothing to be 1 clo with air velocity of 
0.1 m/sec, is approximately 23 0 C. A metabolic rate ranging 
20 from 55 - 110 W/m would require approximately 8C drop 
in temperature to 15 0C for thermal comfort to be maintained 
(Humphreys 1976) .A similar picture is observed in the 
values derived from Fanger's equation (1967). 
Clothing Level 
It has been well accepted that as the thermal insulation of 
clothing increases, lower ambient temperatures are required 
to achieve thermal comfort if the other variables, e. g. 
activity level-, are kept the same. 
As an index of thermal insulation of clothing worn, the clo 
unit which was proposed by Gagge et al. (1941) has been 
generally accepted (see Section 1.1) . There are a few 
studies which attempt to determine the relationship between 
ambient temperature and clo value for the clothing worn to 
create thermal balance. Considerable discrepancies, however, 
have been observed in those figures which were reported by 
different workers as reviewed by Okukubo and Sakai (1981). 
According to Winslow and Herrington (1949, p. 135) a sitting- 
resting nude male (zero clo value) is comfortable at 
30 0C 
when the humidity is moderate and the air movement 
is low. 
One clo of insulation is required to maintain the same 
degree of comfort when the air temperature 
is dropped to 
21.2 0 C. Extending this analogy, one may say that 
2 clo 
is the clothing sufficient for comfort at 
12.4 0 C, 3 clo is 
the clothing sufficient for 
3.6 0C and so on, each additional 
45. 
clo permitting a drop of about 8.8 0C from the nude comfort 
level at air temperature 30 a C. 
Fanger (1967) has determined the relative effects of the 
thermal insulating value of clothing and ambient temperature 
on thermal comfort by means of a 'comfort' equation. On the 
basis of this equation, for a sedentary person with a metabolic 
rate of 50 Kcal/m 
2 /hr, clothing of 1.0 clo, air velocity of 
less than 0.1 m/sec and a relative humidity of 50% the 
optimum temperature is estimated, using the comfort equation, 
to be 23 0 C. This value is approxiMately 20C higher than 0 
the data of Winslow and Herrington, but Humphreys (1976) has 
recommended the same temperature of 23 0C with a clo value-of 
1.0, although this is for a metabolic rate of 55 W/m 
2 
which 
is taken as a typical value of the various sedentary occupations 
at home. 
Rohles et al. (1973) in their study on influences- of clothing 
and ambient temperature on comfort, calculated a multiple 
regression equation to predict new effective temperatures 
(Gagge et al. 1971) necessary to maintain thermal comfort 
for a given clo value. The slope drawn as a result, of 
the 
equation was slightly greater than Fanger's 
(1967) but less 
than that reported by Winslow and Herrington 
(1949) The 
values predicted by the equation agree more 
favourably with 
the data of Winslow and Herrington at a clo value of 
zero, 
but are in closer agreement with Fanger's 
data at a clo 
value of 1.0 - 
Irving et al. (1984) and Okukubo 
(1980) found that the 
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ambient temperature for a clo value of 1.0 was determined 
as 18.3 0C for English and overseas students and 19.2 0c 
for Japanese students in the case of moderate humidity and 
an air velocity of less than 0.1 m. sec- 
1. 
These values 
00 fall 2.7 and 1.8 C respectively below the values predicted 
by Winslow and Herrington and 4.70 and 3.80C respectively 
below the values predicted by Fanger and Humphreys. 
McIntyre and Griffiths (1975) found that the mean Bedford 
vote was 3.8 (4 = comfortable) for an air temperature of 
19 0C and a clothing insulation value of 0.75 clo. According 
to Fanger's equation the ambient temperature for the clo 
value of 0.75 is predicted as 24.5 0 C, Which is 5.5 0C higher 
than the temperature of 19 0C observed by McIntyre and 
Grif f iths. 
The values derived from the work of Irving et al. (1984) are 
interpreted as those which confirm the work of McIntyre and 
Griffiths whilst disagreeing with the work of Winslow and 
Herrington and Fanger and Humphreys. Recent work by Ogawa 
et al. (1983) showed that clothing levels for an ambient 
temperature of 18 0C were determined to be 1.0 clo for 
Japanese male students. These figures coincide with the 
findings of Irving et al. 
It will be noticed that there may be some difference in 
values obtained by a direct study of human beings and 
those 
estimated from a generalJ zed equation. One of 
the reasons I 
for this could be atý-ributed to the effects of the other 
human variables referring to- thermal comfort, which are not 
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represented in that equation, where only activity levels 
are taken up as human variables. 
Human Variables 
In addition, the following human variables have been 
discussed as those which would have some influence upon thermal 
comfort (Miura, 1968, Fanger, 1972, p. 81-93, Yoshida, 1978 
and Horn and Gurel, 1981, p. 348): (1) sex, (2) age, (3) 
body build, (4) state of health, (5) racial type (nationality), 
(6) degree of acclimatization (climate history) and (7) 
food intake. 0 
We can understand why these variables are taken up as factors 
which may affect thermal comfort because of the effects of 
the variables on thermoregulatory function as reviewed 
previously. However, the findings on these variables are not 
always the same as those reported by different workers. 
Sex 
Nevins et al. (1966) found a small but statistically significant 
difference between the sexes for American subjects, i. e. 
0 
f emales pref erred a temperature 0.3 C higher. than -males. 
The subjects were college-age Americans (N = 720, _ 
360 of 
each sex) and were exposed wearing a uniform with 
0.52 clo 
in a climatic chamber. 
Fanger (1972, p. 75-87) , however, 
found no significant 
difference between the sexes of either the elderly 
(68,.. years 
on average) , or the 
Danish group of college-age students 
(64 of each sex) and 128 elderly people 
(64 of each sex) 
They all wore a uniform of 0.6 clo and were 
exposed in a 
0. 
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climatic chamber where preferred temperatures were directly 
determined. Ogawa et al. (1975) observed that there was 
no difference in the optimum temperature of either nude or 
clothed male and female subjects (4 Japanese students of 
each sex) in both summer and winter. This was in agreement 
with Fanger' s work (1972) . 
Rohles and Nevins (1971) found sexual differences in their 
adaptations to thermal environment. It took about 1.5 hours 
for men to adapt to their environment, whereas women adapted 
much more quick-6y. 
Wyon et al. (1972) , however, obtained a contradictory 
observation to the results of Rohles and Nevins (1971). Accordir 
to him males reacted more rapidly than females to alterations 
of ambient temperature. The subjects were 72 pupils (17 year 
olds, 36 of each sex) They were exposed wearing a standard 
uniform of 0.7 clo for 3 hours to various temperature 
conditions ranging from 20 - 29 
0 C. 
The works described above were all conducted in climatic 
chambers. The factors which must be considered when 
conducting environmental research on human subjects (Nevins 
et al., 1966) were therefore controlled in the determination 
of preferred ambient temperatures. These factors were: 
clothing level, activity level and age of subjects. 
In field studies, contradictory results were inevitably 
observed. Some of those reported in recent- years observed 
that females prefer a higher temperature (Fishman and 
Pimbert, 1978), some that males prefer a higher 
temperature 
I 
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(Akutsu et al., 1964 and Kobayashi et al., 1972) , and some 
showed no difference (Hickish,, 1955, Minamino et al., 1978 
and Irving et al., 1981 and 1984) . 
Fishman and Pimbert (1978) observed that female workers 
preferred a slightly lower temperature than did the males 
(21.7 - 22. OOC), but the data was not subjected to 
statistical analysis. The results were obtained from 26 
office workers (19 males and 7 females) who were monitored 
every working day for 1 year. At low temperatures, the 
clothing of botl-4 sexes had a similar insulating value. 
Women, however, showed a greater flexibility in their choice 
of clothing during the summer months of the study and were 
thus able to compensate for the higher external summer 
temperatures more easily than the men. 
Akutsu et al. (1964) found that the temperature of thermal 
acceptability was higher in females than in males, especially 
in summer. The results were obtained from 81 office workers 
operating a business machine (32 males and 49 females) who 
were monitored 3 days each month for 1 year. 
Kobayashi et al. (1972) observed the same results as those 
of Akutsu et al. (1964) where the sample size totalled 
377. 
Female office workers preferred a higher temperature 
(0.5 0 
than the males in both winter and summer, while clothing 
weight worn by males was higher 
than that worn by females 
in both seasons. 
According to Hickish et al. 
(1955) no appreciable difference 
was found in the optimum 
temperature between male and 
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female workers engaged in light industry in Southern England. 
A total of 2,033 persons acted as subjects in the 
investigation. 
Minamino et al. (1978) investigated comfort temperatures in 
classrooms involving 155 Japanese students (67 males and 88 
females). The comfort zones were determined between 
22 and 26 0C in winter and between 23 and 26 0C in spring 
where no sex difference was observed in either season. 
For the comfort zone, the clo values for the clothing worn 
V% 
by females tended to be slightly lower than those for the 
males irrespective of season. 
Our previous work (Irving et al., 1981) confirmed the results 
reported by Minamino et al. (1978) more precisely by means 
of the Student's t-test. Preferred ambient temperatures 
chosen by students were investigated with reference to 
clothing levels and skinfold thicknesses. The subjects 
were 150 college-age students consisting of 25 in each of the 
following 6 groups; English males and females, overseas 
males of recent arrival and of longer residence and 
Japanese males and females. The survey for the first 4 
0 
sub-groups was conducted in Guildford, England (51 North)- 
0 
and the remaining two sub-groups in Kyotor Japan 
(35 North) 
in winter. In all rooms the ambient temperatures could 
be individually controlled by adjustment of heating systems. 
In the case of both English and Japanese students, 
both 
males and females prefer almost 
the same ambient temperature; 
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however, the clo value of men's clothing is higher than 
that of the women's in Student's t-test analysis. 
In order to resolve the question of why females are warm 
enough wearing less clothing despite the same preferred 
ambient temperatures as males, a hypothesis is established, 
i. e. the sexual difference of subcutaneous fat may affect 
their comfort conditions. In fact, the subcutaneous fat of 
females was thicker than that of males for both English and 
Japanese students. It was therefore sugqested that the 
smaller amount of clothing worn by females is as a direct 
consequence of their greater skin fold thickness. 
Meanwhile, the significant difference in the clothing levels 
of males and females seen using Student's t-test proved 
not to be significant in the quantification theory analysis 
(Hayashi, 1952) where ambient temperature and skin fold 
thickness were kept constant (Irving et al. . 1984) . It 
appears that the lack of difference between the sexes in the 
quantification theory might be due to the fact that females' 
skin fold is thicker than that of males. 
Aqe 
Hypothermia in the elderly may have led to the common belief 
that older people require higher temperatures 
for comfort. 
According to Fanger's studies (1972, p. 
75 - 87), however, 
no difference was found 
between college-age Danes (N = 128)- 
and elderly Danes of 
68 years (N = 128) in the mean preferred 
temperatures. He speculates 
that the lower metabolism in 
elderly people seems 
to be compensated for by a lower 
evaporative loss. 
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The work of Kobayashi et al. (1972) was in agreement with 
the view of Fanger (1972) in that no age difference for 
comfort temperatures was obtained in the respondents ranging 
in-age from 20 - 50. With respect to the clothing weights, 
no age difference was seen in summer, but was in evidence 
in winter. People who were over 40 years old wore more 
clothing than younger people. Such clothing behaviour supports 
the results based on an extensive clothing field survey 
involving 3,500 Japanese people from the whole country (Toda 
et al., 1982). The clothing weight increased with age, 
except in summer &nd for the elderly. Toda et al. pointed 
out 2 reasons for these facts, i. e. (1) the metabolism decreased 
with age, and (2) probably a moral sense became stronger with 
age. 
Rohles and Johnson (1972) undertook a series of 3 experiments 
to determine comfort conditions for elderly people. According 
to Experiments 1 and 2, elderly subjects (approximately 75 
years old), regardless of sex, felt warmer than college-age 
subjects at the same ambient temperature. This suggests that 
a thermal condition below that specified for students should 
be established for thermal comfort in the elderly. However, 
the preferred temperatures measured in Experiment 3 were 73.8 
0F 
(23.30C) for both the college and middle aged subjects, and 
74.9 0F (23.80C) for the elderly, namely the elderly 
preferred a higher temperature than the other groups. There 
exists a paradox in these findings. 
As a general conclusion, Rohles and Johnson mention the fact 
only that elderly subjects differ little from college-age 
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subjects with respect to the thermal environment in which 
they feel comfortable. 
At this stage, we should note that the fact that the elderly 
and young prefer the same thermal environment does not 
necessarily mean that they respond to cold in the same way. 
Recent research into the hypothermia problem for the elderly 
(Fox et al.,, 1973 and 1973b) offers us the opportunity to 
discuss preferred temperatures from such an aspect. 
According to Fox et al. (1973b), most of the homes investigate(' 
0 in which elderly people lived, were cold, with room 
temperatures below the minimum recommended by the Department 
of Health. Deep body temperatures below 35.5 0C were then 
found in 10% of those studied. 
Meanwhile, Partridge and MacLean (1935) determined the 
comfort zone for school children between the ages of 7 and 
14 years in a climatic chamber. During the tests the subjects 
were dressed in the clothes which they normally wore at 
school, but the clothing ensembles were not identical from 
1 subject to another. Under summer conditions, both 
comfort zones for the children and adults were determined 
as the range 66 - 75 
0F in effective temperature. In winter, 
however, a wider comfort zone was obtained for the children. 
These zones were 57 - 73 
0F for the children and 61.5 - 71.5 
0F 
for the adults. This suggests that children have a greater 
tolerance to cold than adults due to their hýgher metabolism. 
Body Build 
There exists the opinion that obese individuals prefer a 
54. 
cooler environment than those of a slimmer build. The 
subcutaneous fat of the body has a relatively low thermal 
conductivity as do many textile fibres (Horn and Gurel, 
1981, p. 350). A thick layer of subcutaneous fat helps 
to keep the body warm, and therefore can be thought of as 
an additional layer of clothing. It is therefore assumed 
that an obese individual will be warm enough wearing less 
clothing. However, this concept has been supported only by 
our previous works (Okukubo 1971 and 1971b, and Irving et 
al. 1984) . 
0 
Fanger (1972, p. 87 - 89) investigated the effects of build 
on sedentary respondents' thermal voting by dividing them 
into fat and thin groups; subjects were allocated their 
group according to their ponderal index value (defined as 
the cubed root of the weight divided by the height). Very 
small differences were observed between the groups in the 
neutral temperatures. Among the college-age subjects the 
fat group preferred a temperature approximately 0.2 
0C lower 
than the thin group, while the reverse was the case for the 
elderly group, but none of the differences was statistically 
significant using the Student's t-test. However, Fanger 
(1972, p. 88) commented that the metabolic rate for a given 
task involving body movements will tend to be higher for an 
obese person, and for thi*s reason he may prefer a cooler 
environment during activity. Wyon et al. (1968) 
came to the same conclusion as Fanger in a field study among 
operating personnel. In their study the build of each subject 
was roughly assessed as being in 1 of 5 categories which were 
from 1: fat to 5: thin. 
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On the other hand, the skin fold thickness of subjects was 
determined as the biggest contributing factor to amounts of 
clothing worn to achieve thermal comfort. This finding was 
obtained from Japanese female students (N = 103) who felt 
comfortable, where the quantification theory (Hayashi, 1952) 
was applied for the data analysis (Okukubo, 1971). 
With a view to discovering why students with a thicker skin 
fold wore less clothing, a further study was conducted 
involving 50 female students in relation to skin temperature 
and comfort air t ,, emperature 
between the skin and the innermost 
layer of clothing. Both the comfortable skin temperatures 
and air temperatures inside clothing on the trunks of female 
students were lower in those subjects who had thicker skin 
folds than those with thinner skin folds (Okukubo, 1971b). 
Moreover, it was proved that the skin fold thickness of 
students has an influence upon their preferred ambient 
temperature as well as on clothing worn by them. - This 
conclusion was derived from quantification theory analysis 
(Irving et al., 1984). In the case of correlation analysis 
no significant relationship was noted between preferred 
ambient temperature and skin fold thickness. This was in 
agreement with those reported by Fanger (1972) and Wyon 
et al. (1968). 
Thus, it is apparent that those discrepancies by different 
workers could be attributed to different types of statistical 
analysis. We can interp-ret the quantification theory as a 
more powerful tool in that the strength of the influence 
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of a factor on the outside variable is provided by a partial 
correlation coefficient rather than by bivariate correlation 
analysis or Student's t-test. 
Nationality 
Renbourn (1972, p. 206), states in his book that the Englishman 
considers himself comfortable indoors with an air temperature 
of about 16.5 - 20 
0 C, but Japanese and Russians accept lower 
levels without complaint. Miura (1967) points out that 
there are differences of preferred ambient temperature between 
the Americans an4 Japanese based on the difference of their 
rating levels to a given discomfort index. According to 
Fanger (1972, p. 75 - 87), however, no significant difference 
in comfort conditions has been observed between Danish (N = 128) 
and American (N = 720) students. The subjects, all wearing 
a uniform with a clo value of 0.6, were exposed in a climatic 
chamber. In contrast to this, our previous field studies 
(Irving et al., 1981 and 1984) found differences between 
English (N = 50) and Japanese (N = 50) students in both the 
preferred ambient temperatures and clothing levels by means 
of the quantification theory. It was interpreted that in 
order to create comfort conditions the Japanese wear more 
clothing than the English if ambient temperatures are identical. 
On the other hand, Japanese students require a higher ambient 
temperature than the English when the clothing levels are 
the same. 
Such behaviour could beLdue to differences in clothing habits, - 
space heating systems and building structures in the 2 
countries. For instance, in the single study rooms of 
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Japanese students either a petroleum or gas s-Eove was 
used, these space heating systems being commonly used in 
the Japanese home. However, a central heating system is 
now common in England. 
One explanation of why such a discrepancy was observed between 
the results of Fanger (1972) and Irving et al. (1984), could 
be attributed to the fact that the former was obtained from 
laboratory type experiments, while the latter from a field 
survey, which reflects more natural conditions of daily life. 
lp 
Acclimatisation' 
It is widely believed that by exposure to hot or cold 
surroundings, people can acclimatise themselves to these 
and thus accept them as comfortable so that they prefer 
more extreme temperatures than non-acclimatised individuals. 
Fanger denies any influence of the degree of acclimatisation 
on the preferred ambient temperatures. In his study (Fanger, 
1972b) he found that individuals (N = 16) who had lived 
their entire life in the tropics and were so called 'hot 
adapted' preferred a slightly but not significantly higher 
(0.50C) ambient temperature in a climatic chamber than 256 
college-age and elderly Danes who had lived in Denmark 
all their lives. In his later study (Fanger, 1973) on 
cold adapted individuals he showed again that no difference 
exists between these and normal individuals. In this study 
he used 2 groups of 16 Danes, 1 group being comprised of 
individuals who, for 8 hours a day for at least a year, 
had been occupied with-sedentary work in coldýsurroundings 
58. 
in the meat packing industry, and the other group being 
made up of winter swimmers who bathed daily in the sea. 
Results showed that the mean preferred ambient temperature 
for the Danish winter swimmers was 25.0 0C and that-for the 
workers in the cold environment 24.7 0 C, however, neither 
was significantly different from the average Dane (25.7 0 C). 
Our previous work (Irving et al., 1984) also found no 
differences between 2 groups of overseas male subjects in 
I 
both the preferred amýient temperatures and clothing levels 
by means of the quantification theory. The subjects were 
all overseas students who came from the tropics. The 2 groups 
were: (1) overseas males resident in England for less than 
8 months, and (2) those resident in England for 20 months 
(3.3 years was the average period). An interesting point 
was discovered relating to the behaviour of the 2 groups. 
As a measure of adapting themselves to a cold environment 
people initially wear clothing with a greater thermal 
insulation rather than by raising the ambient temperature. 
Sporting Activities and Living Habits 
Several factors which make it possible to enhance the body's 
tolerance to cold are shown in Section Two. 
It has been demonstrated that physical training enhances 
the body's tolerance to cold (Adams and Heberling, 1958, 
Heberling and Adams, 1961, Araki et al., 1978 and 1980). 
According to Heberling and Adams (1961) the mechanism was 
explained as follows. The cold-induced vasoconstriction 
may be reduced, and metabolic response may be enhanced at the 
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same time. Rubbing the naked skin of the body with a dry 
or wet cloth, which is a Japanese custom, is also assumed 
to enhance the body's tolerance to cold. This may be due 
mainly to promotion of the function of the vascular control 
system of blood flow to and from the skin surface. 
These factors, i. e. whether you take part in sport/jogging 
or whether you practise rubbing your naked skin with a dry 
cloth, would have some influence upon thermal comfort 
behaviour. However, published literature to support this 
belief has not been found. 
on the other hand, the Japanese follow the custom of 
warming themselves using a footwarmer. Recent work of 
Irving et al. (unpublished data) revealed that Japanese 
students need heavier clothing, in particular for the lower 
half of the body, compared with English students at the same 
ambient temperature. This might be attributed to the custom 
of warming one's self using a footwarmer in Japan. 
It is assumed that warming one's self using a footwarmer for 
long periods may reduce the tolerance of the lower half of 
the body to cold. These people probably require more 
clothing for the legs in order -to maintain thermal comfort. 
However, such possible ill effects of the use of a footwarmer 
have not yet been proved. 
With reference to living habits relating to sporting 
activities, the practice of rubbing the naked skin with a 
dry cloth and warming one's self using a footwarmer, the 
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possibility of these practices affecting clothing levels 
are discussed in more detail in Chapter Two. 
From what age will school children choose the clothing they 
are going to wear in school by themselves? A total of 1,386 
primary school pupils acted as respondents in the 
investigation (Ogawa and Okukubo, 1974). They were all 
pupils of municipal co-educational primary schools located 
in Osaka prefecture. The percentage of pupils who choose 
their own clothing independently of their mothers was 
determined to be only 36.5% among the pupils belonging to 0 
the fifth and sixth years. 
It was shown that the amount of clothing worn by pupils in 
primary schools correlated with that of their mothers 
(Ogawa, Okukubo et al., 1972). Araki et al. (1981) came to 
the same conclusion as that reported by the author when 
investigating infants. A positive correlation was noted 
between the infants and their mothers in the weight of 
indoor clothing. 
The amount of clothing worn by primary school pupils will 
therefore be affected by whether or not the pupils choose 
their own clothing. 
Clothing Comfort Factors 
It has been observed that individual differences for the 
thermal insulation values of clothing worn to maintain 
thermal comfort are surprisingly much greater than those 
of preferred ambient temperatures. This may be attributed 
to the fact that clothing behaviour is multidimensional. 
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One's clothing is worn to satisfy mutliple aims and not 
only for the function of keeping the wearer warm. 
In the classical book on the- psychology of clothes, written 
by Fldgel in 1930 (p. 85 - 102), he classifies individuals into 
9 types with reference to their attitude to clothes. Those 
types were: the rebellious, resigned, unemotional, prudish, 
dutiful, protected, supported, sublimated and self-satisfied. 
To take some examples: Fldgel states that for the 'sublimated' 
type,, the aesthetic qualities of clothing are most important. 
Individuals belonging to the 'protected' class wear more 
clothing than others in cold weather, considering warmth 
to be more important than fashion. They seem to be more 
sensitive to cold than others. The factors that make for 
sensitivity to cold are usually the reverse of the auto- 
erotic fadtors that distinguish the'rebelliouS' type, but 
correspond to the factors of the 'prudish' type in emphasizing 
the hygienic advantage of plentiful covering. 
Individuals of the 'supported' type feel pleasurably 
strengthened and supported by their clothes, especially by 
tight or stiff clothing. In so far as this support is moral 
they have something in common with individuals of the 
i dutifuý type. 
We can cite a work of Aiken (1963) as one of the most 
extensive and widely cited clothing studies which looked 
at wearer characteristics. . 
80 true-false statements 
concerning dress behaviour were administered to 300 under- 
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graduate women. From this he extracted 5 'dress clusters' 
i. e. decoration, comfort, interest, conformity and economy. 
Subsequently, personality tests were administered to a 
sample of 160 of the original 300 women; significant 
correlations among the dress and personality variables were 
then observed. 
Decoration in dress was found to show a positive correlation 
with conformity, sociability and non-intellectualism. 
Comfort showed a positive correlation with self-control and 
extroversion. interest showed a positive correlation with 
compliance, stereotyped thinking and insecurity. The 
conformity with social conformity, restraint and submissiveness, 
and the economy in dress with responsibility, alertness, 
efficiency and precision respectively. 
Several follow up studies have confirmed the findings of 
Aiken in that individual's clothing behaviour is affected 
by types of personality (Taylor and Compton, 1968, Gurel 
et al., 1972, Rosenfeld and Plax, 1977, Creekmore, 1980, 
Sharma,, 1980- and Kohyama, 1981). 
Many workers were interested in relating personality traits 
and characteristics to overt behaviour in the area of 
clothing selection and grooming practices. At first, all 
of the clothing variables investigated were broadly labelled 
'clothing behaviour' but since the mid 1950s workers have 
attempted to break down the all-encompas sing 'clothing 
behaviour' into more narrowly defined constituent concepts. 
In order to explain such concepts of clothing 
behaviour 
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multiple terms havebeen used, e. g. clothing attitudes, 
clothing awareness, clothing values, clothing interest and 
the importance of clothing. Little progress has been made 
to clarify this terminology. 
In an attempt to advance conceptualization, a study was 
undertaken by Gurel and Gurel (1979) to clarify the 
behavioural domain referred to as clothing interest 
involving 500 undergraduates in U. S. A. (420 females and 
80 males). In their survey the 'importance of clothing' 
questionnaire which was developed by Creekmore (1971) was 
0 
used, the 89 items were affirmative statements to be answered 
on a 5-point Likert-type rating scale. 
There were 8 interpretable factors extracted by means of 
factor analysis. Of the factors, 5 were seen as central 
components of clothing interest: concern with personal 
appearance, experimenting with appearance, heightened 
awareness of clothes, clothing as enhancement of security, 
and clothing as enhancement of individuality. Three other 
dimensions, conformity, modesty and attention to comfort, 
were interpreted as primarily personality variables. 
An application of Gurel's study (1979) was conducted by 
Kohyama (1983) using Japanese women (N = 209) ranging-in age 
from 19 - 50 years. With regard to clothing interest, 
8 
dimensions of interest were identified, i. e. enhancement 
of individuality, enhancement of psychological stability, 
seeking the good match of clothing, conformity with society 
and approval of social status, pursuit of wear comfort, 
enhancement of awareness of clothes, seeking modesty, and 
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neatness of personal appearance. 
similarity was seen between both results obtained from 
American and Japanese studies. What types of items were 
concerned with the comfort factor? In the work of Gurel 
and Gurel (1979) the factor was constructed of the following 
9 items, which are shown in the order of magnitude of 
factor loading. (These refer to the Creekmores' clothing 
interest questionnaires. ) 
I am extremely sensitive to the texture of the fabric 
of my clothing. 
(2) There are c4rtain textures in fabrics that I like and 
especially try to buy, for example, soft, fussy, sturdy, 
smooth. 
(3) 1 am more sensitive to temperature changes than others 
and I have difficulty being comfortable in my clothes 
as a result. 
(4) 1 am irritable if my clothes are uncomfortable. 
(5) The way my clothes feel to my body is important to me. 
(6) 1 find it difficult to buy clothes suitable- to the 
temperature. 
(7) 1 avoid garments that bind the upper arm. 
I get rid of garments I otherwise like because they 
are not comf ortable. 
(9) 1 wear my pants or slacks with an easy fit even when 
tight ones are f ashionable. - 
The six items above numbered 1,2,4,7,8 and 9 were also 
concerned with the factor of 'pursuit of wear comfort' in 
Kohyama's work (1983). The other three items numbered 
3,5 and 6 were not included in his simplified 'clothing 
interest questionnaire' which consists of 48 items. 
It will be noted that comfort, as defined by these workers, 
is restricted to texture of fabric, thermal properties 
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and function of ease of movement - only. In other words, 
these factors seem to refer to the protection theory, of 
the four major theories for the original function of clothes 
which were proposed by Horn and Gurel (1981, p. 19). 
If the items contributing to the comfort of the wearer are 
discussed in a. broad sense relating to multiple purposes 
of clothing worn, not only the hygienic items above, but 
also psycho-sociological items such as aesthetic attributes , 
personal appearance, modesty, conformity, etc. should be 
included. However, definitions of clothing comfort factors 0 
from such aspects have not yet been authorized. 
Referring back to the topics mentioned earlier in this 
section, clothing comfort factors to which an individual- 
attaches importance should be taken into account when thermal 
insulating values for the clothing worn are defined. 
Nevertheless, such an approach to analysing clothing levels 
in order to create comfort conditions from existing clothing 
behaviour seems not to be made among published literature. 
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1.4 Experimental Methods for' 'the Investigation of T'h*e*rmal 
rl r%yn -Fr% -w- +- 
Important experimental methods concerning this study are 
reviewed in this section. 
Methods of Determination of Environmental Comfoýrt 
Conditions 
Many of the studies on thermal comfort have been carried out 
in order to find a way of describing the thermal environment 
which correlates well with human response, and to define the 
range of conditions found to_ be pleasant or tolerable by the 
population. The criteria for evaluating thermal comfort are 
either the votes of respondents assessing their thermal 
'0 
comfort,, or the state of the thermoregulatory system as 
assessed by direct measurement or calculation. 
To determine environmental comfort conditions the following 
three principal techniques are commonly used (McIntyre, 1978b) : 
Direct determination of preferred ambient temperature in 
environmental chambers. 
(2) The use of rating scales in environmental chambers. 
(3) Field surveys. 
In the first method, the subject sits by himself in an 
environmental chamber where thermal conditions can be 
controlled. He is asked at frequent intervals whether 
he would 
like any change in temperature, which is then provided 
by 
the experimenter. The subject thus brings the chamber 
temperature to his own preferred temperature. The technique 
produces a single measure. This method 
is associated with 
the work of Fanger at the Technical University of 
Denmark. 
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In his research (Fanger, 1972, p. 68 - 106 and 1973) 
the subject was exposed wearing a uniform with a thermal 
insulating value of 0.6 clo. The experiment normally 
lasts 3 hours and the comfort temperature for the subject 
is taken as the average over the last 2 hours. 
In the second method, subjects wearing clothing ensembles 
with a given thermal insulating value, are exposed to 
different combinations of physical thermal parameters in 
an environmental chamber for a set exposure time. Subjects 
are asked to vote, their thermal sensation on a rating scale. 
According to statistical analysis combinations of physical 
thermal parameters which give optimal thermal comfort have 
been determined. 
This second method, rather than the first one, has widely 
been applied in laboratory study, e. g. in extensive studies 
at Kansas State University. The subjects were clothed in 
standard clothing (0.6 clo) and exposed at sedentary posture 
for 3 hours. During this period the subjects are requir ed 
to report their thermal sensations every half hour (e. g. 
McNall et al., 1968, Rohles and Nevins, 1971 and Rohles 
and Johnson, 1972). By exposing a large number of subjects 
to a range of temperatures it is possible to construct a 
picture of how sensation varies with temperature. 
Field surveys are conducted by asking respondents to 
indicate 
their state of thermal sensation on a descriptive scale. 
At the same time, the &ir temperature and other 
thermal 
parameters in the environment are measured. 
- Two basic 
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designs have been used, the longitudinal and the transverse. 
In the longitudinal, a small number of respondents give 
repeated indication of their thermal sensation over a period 
of weeks or months. Due to the small number of subjects 
involved this type of study may not give data which is 
representative of the wider population. 
In the transverse design a large number of subjects are 
asked to make only one indication. The type gives the extent 
of variation among individual's responses and can give 
good estimates fo; the population. 
HumphreVs and Nicol (1970) and Fishman and Pimbert (1978) 
carried out their field surveys on office workers' reactions 
to their thermal environment using a longitudinal design 
in which the subjective responses of respondents were monitored 
every working day for extended periods. 
The great importance of field surveys is that the responses 
are taken in the respondent's normal surroundings. On the 
other hand, no attempt is made to control the environmental 
conditions. This means that field studies on thermal comfort 
gain in realism, but lose some of the advantages of planned 
experimental designs (Humphreys, 1975). 
Referring to the second method and field survey, the 2 most 
widely used scales are the Bedford and the ASHRAE scales. 
Those scales are both 7-point scales ranging symmetrically 
around a neutral or comfortable category as shown below: 
Bedford scale: 1: Much too cool; 2 Too cool; 3: 
Comfortably cool; 4 Comfortable; 5 Comfortably warm; 
6: Too warm; and 7 Much too warm. 
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ASHRAE Scale: 1: Cold; 2: Cool; 3: Slightly cool; 
4: Neutral; 5: Slightly warm; 6: Warm; and 7: Hot. 
The latter scale was developed by Houghten with 'Comfortable' 
replaced by 'Neutral' for a vote represented by a numerical 
value of 4, as suggested by Gagge et al. (1967). 
The Bedford scale is a combined estimation of comfort and 
warmth so that it has been criticised on the point that the 
relationship between warmth and comfort is not necessarily 
constant. From this aspect 2 types of scale, i. e. thermal 
sensation and comfort sensation scales are used together. 
For instance, tAe Society of Heating, Air Conditioning and 
Sanitary Engineers of Japan has recommended both the thermal 
sensation and comfort sensation scales. The former scale is 
a 9-point scale ranging symmetrically around a neutral category, 
the latter a 4-point scale proposed by Gagge et al. (1967), 
i. e. 1: Comfortable; 2: Slightly uncomfortable; 3 
Uncomfortable; and 4: Very uncomfortable. 
McIntyre (1978b) , in his analysis of 10 separate experiments 
involving some 4,000 votes, found that the standard deviation 
of a set of warmth votes obtained from a group of people at 
a fixed temperature, under constant standard conditions, is 
about 0.8 scale intervals in a 7-point scale. If the 
experimental conditions are relaxed, e. g. slight variation in 
clothing and activity, the standard deviation rises to about 
The warmth vote of an individual, measured at intervals 
of about an hour during a long exposure to a constant 
temperature, has a standard deviation of 0.8 scale units. 
This suggests that experimental design should be administered 
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precisely in the determination of thermal sensations. 
Assessment of Thermal Etvironments 
The indoor thermal environment was assessed by means of 4 
physical thermal parameters; air temperature, mean radiant_ 
temperature, humidity and air velocity. In practice, a 
suitable number of measuring points equally distributed 
over the occupied zone were chosen. 
Of the 4 parameters, the mean radiant temperature is quite 
complicated to measure. The mean radiant temperature 
'0 
relating to a person in a given body posture and clothing,, 
placed at a given point in a room, is defined as the uniform 
temperature of black surroundings which will give the same 
radiant heat loss from the person as in the actual case 
(Fanger, 1972, p. 143). 
One method is to measure the surface temperature of ceiling, 
walls, floor, etc. and then calculate the mean radiant 
temperature by means of the angle factor diagrams (Fanger, 
1972, p. 156 - 198) . This method is accurate, but requires 
a considerable amount of calculation work after measurement. 
Several instruments for the direct measurement of mean 
radiant temperature are described in the literature (e. g. 
Houghten and Brewer, 1954 and Lidwell and Wyon, 1968) but 
none of these instruments seems to be available on the market. 
Because of its simplicity, the globe temperature is taken to 
be a sufficiently accurate representation of the radiant 
temperature; the mean radiant temperature can be calculated 
from this value, the air temperature and air velocity Using 
71. 
equations (Kuehn et al., 1970). 
Ambient temperature is commonly represented in terms of 
either dry bulb temperature or globe temperature. The 
latter can be measured by means of globe thermometer, while 
the dry bulb temperature by means of several types of 
instrument; an Assman psychrometer, a sling psychrometer, 
Mason's hygrometer and an electrical resistance sensor 
(including a thermistor). 
Relative humidity can be measured together with dry bulb 
temperature by means of the first 3 types of instruments 
described above. In addition, a hair hygrometer and 
electrolytic hygrometer can be used. 
Air velocity can be measured by a thermal anemometer or a 
Kata thermometer. The thermal anemometer is more convenient 
to use than the Kata thermometer, where the low velocity 
type is suitable. The Kata thermometer was devised by 
Hill for the purpose of measuring the physiological effects 
of the environment, as the rate of cooling of this thermometer 
was believed to be similar to that of the human body. 
It would be useful if the effects of the 4 physical 
parameters were combined into a single index. This would 
facilitate the comparison of different thermal environments. 
The effective temperature scale which was developed by 
Houghten and Yaglou (1923) was the first integrated index 
of environmental comfort. This scale takes into account 
the air temperature, humidity and air velocity which can 
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be estimated using the nomogram which relates the dry and 
wet bulb temperatures and air velocity toý it. The effective 
temperature combines the effect of air temperature and 
humidity in a room without radiation and air velocity for 
a resting subject wearing standard clothing. An air temperature 
of 20 0C and 100% relative humidity (R. H. ) will lead to the 
same comfort as 25 0C and 35% R. H., both combinations being 
defined as an effective temperature of 20 0 C. 
Humphreys (1975) states that the effective temperature more 
closely correlated with thermal sensations than did the air 
temperature alone, under the thermal conditions of high 
temperature and humidity, whereas 'equivalent temperature; I 
ignores humidity, but takes into account radiation, air 
temperature and air velocity (Chrenko, 1974, p. 61). 
The effective temperature when corrected by the substitution 
of the globe thermometer reading for the dry bulb temperature 
is expressed in terms of 'corrected effective temperature' 
(Vernon and Warner, 1932). 
all 4 thermal parameters. 
This scale takes into account 
Fanger's comfort equation (1967) and the new effective 
temperature (Gagge et al., 197l)- can be cited as the most 
important works in this area in recent years. 
The heat balance equation has been developed by Fanger 
(1967) which allows for any activity level and any clothing 
level to calculate all combinations of the 4 physical thermal 
- air temperature, mean radiant temperature, parameterst 
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humidity and air velocity, which will create optimal thermal 
comfort. This comfort equation is based on heat balance 
calculations and comfort votes by subjects. Consequently, under 
certain conditions such as thermal transients not under steady 
state conditions, the actual experience of thermal sensation 
might deviate from the values which will be predicted by this 
equation. In addition to this, the effect of wet heat loss by 
means of sweating upon thermal regulation is not included 
in the general comfort equation. We can estimate the optimum 
temperature under a condition specified using comfort lines 
(Fanger,. 1972, p. 43 - 54). 
The other new effective temperature has been derived by Gagge 
et al. (1971), and takes into account the air temperature, 
mean radiant temperature, humidity, air velocity, atmospheric 
pressure, activity level and clothing. We can estimate 
easily the new effective temperature under a given condition 
by means of the new effective temperature lines (Nevins and 
Gagge, 1972), which are based on a rationally derived model 
of physiological thermal regulation. This new effective 
temperature scale has been accepted by ASHRAE as a new 
standard thermal index. 
Bedford (1961), on the other hand, analysed correlation 
between 
comfort vote and various indices of warmth 
based on the data 
of 2.,, 571 subjects where those indices taken up were: 
(1) 
equivalent temperature, (2) globe temperature, 
(3) effective 
temperature, (4) air temperature and (5) 
dry Kata 
thermometer cooling power. 
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The differences between temperatures (1) - (4) in the 
correlation coefficient were not significant, but each of 
them was higher than (5) . Among them, equivalent 
temperature gave the highest correlation with comfort votes, 
the simple globe temperature was a good index, and effective 
temperature was no better than air temperature. 
A similar investigation was made by Humphreys and Nicol (1970) 
with a view to seeing whether better results could be obtained 
using equipment other than just a globe thermometer. Thermal 
indices examined. were effective temperature, corrected 
effective temperature, equivalent temperaturey air temperaturer 
mean radiant temperature, wet bulb temperature and globe 
temperature. They found very little difference between the 
commonly used indices in correlation with comfort vote, and 
none of them was significantly better than globe temperature. 
A fault of the globe thermometer, however is that it takes a 
comparatively long time to reach equilibrium. At least 20 
minutes of exposure is needed before readings are taken. Air 
temperature value has also been used particularly in field 
studies to simplify measurements. 
(3) Methods of Estimation of Thermal Insulating Value 
for Clothing Worn 
Thermal insulating value for the clothing worn by a 
person is commonly expressed in terms of clo units When 
the human body is used directly for the determinationsi the 
clo value can be obtain-ed using the following formula 
(Burton, 1944). 
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Icl = 
5.5 5 (. T s- Ta) A Ia 
M-0.5 8E + 0.8 3W (2 A Tr +A Ts) 
3 
where 
Icl = overall. insulation of assembly in clo units 
Ia = insulation of air in clo units 
Ts mean skin temperature, excluding temperature of hands, head and f eet, OC. 
Ta = ambient air temperature, 0 C'. 
A= body surface area (DuBois),, m2 
M total metabolic rate determined from oxygen 
consilmption, kg-cal/hr. 
evaporation loss estimated from successive 
weighings of clothed subjects, loss in gms 
x 0.58 = kg-cal/hr 
weight of unclothed subjects, kg. 
0.83= composite specific heat of human body, 
kg-cal/kg/ 0C 
ATr = rate of fall of rectal temperature, OC/hr 
ATs = rate of fall of mean skin temperature, OC/hr 
5.55= the reciprocal of the clo yalue 6 converts the total resistance, kg-cal/m /hr/ C into clo units. 
Tn this physiological evaluation, it is necessary to actually 
measure these values; total metabolic rate, evaporation loss, 
variations of both rectal and body surface temperatures. 
This procedure seems to be near impractical in field clothing 
surveys, which usually involve large numbers of subjects. 
To simplify the procedure, the clo value for the clothing 
worn by a person is normally estimated using the published 
data which were devised by means of taking measurements of 
a heated manikin (Seppanen et al., 1972, Sprague and Munson-, 
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1974, Nevins et al., 1974, Nishi et al., 1976 and Hanada 
et al.,, 1981 and 1983). 
Thermal manikins commonly consist of a life sized black 
copper shape. Heat ýs produced electrically in the body 
segments in which internal heating distributions for 
different parts of the manikin are designed so as to approximate 
the skin temperature distribution of man. In other words, the 
manikin has been manufactured with the Purpose of providing 
the thermal characteristics similar to that Of the human 
skin as a means cýf evaluating the thermal environment of a 
room and thermal insulation property of clothing from the 
human aspect. Since the 'clo unit' was proposed by Gagge 
et al. (1941), studies of thermal manikins have been done 
by many workers (Winslow and Herrington, 1949, p. 144, 
Toda,, 1958, Herrington, 1959, Kerslake, 1963, Seppanen 
et al., -1972, 
Mihira et al., 1977 and Hanada and Mihira, 
1977). The first thermal manikin was manufactured by 
Winslow and Herrington (1949, p. 144). After that, manikins 
with each region of the body isolated thermally by a separate 
heat supply system were manufactured by Herrington (1959). 
This device has been particularly helpful in looking at 
heat exchange of the different body segments. Nowadays such 
a manikin is commonly used, Kerslake (1963) made a manikin 
so as to investigate the effectiveness of ventilated 
clothing. Hanada and Mihýra (1977) recently manufactured 
a manikin which enables varying postures and motions where 
the torso, arms and legs are interconnected with sockets. - 
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It is obvious that various thermal manikins have been 
developed. However, the most important thing to be noted 
is that no attempt has been made to measure moist heat 
transfer. This weak point of the manikin has not yet been 
resolved. At this stage, definitions of thermal insulating 
value for clothing (Icl) and total thermal insulating value 
f or clothed manikin (I total) are explained as these values 
are often confused. According to the Thermal Physiology 
Commission of International Union of Physiological Sciences 
(Bligh and Johnson, 1973) the latter value is defined as the 
effective insulation of clothing and the former in terms of 
'0 
the intrinsic insulation of a clothing assembly respectively. 
It is convenient to define these values in agreement with 
Seppanen et al. (1972). 
When the manikin is nude, the clo value consists only of 
that contributed by the air layer next to the skin. When 
the manikin is clothed, however, the clo value consists of 
the combination of the clo value of the clothing plus that 
of the air layer next to the clothing and exposed skin. 
The clo value for clothing only (Icl) is obtained subtracting 
the clo value for the nude manikin, which is divided by the 
clothing area factor, from the total clo value for the clothed 
manikin. The equation may be written as 
Ia 
Icl =I total 
Fcl 
where Icl = TIV for clothing (clo) 
I total = Total TIV for clothed manikin (clo) 
Ia = TIV for nude manikin (clo) 
Fcl clothing area factor. 
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The reason for the 'clothing area factor' being taken into 
account is that the increased area of the clothed manikin 
decreases the thermal resistance contributed by the air 
layer. Very few workers represent the clo- value in terms 
of 'I total I (e. g. Mihira and Ohno, 19 77 and Mihira and Taya , 
1978) or the 'effective insulation' (e. g. Gonzales and, Nishi, 
1976) . Most workers seem to use the ' Icl I. In view of its 
wide acceptance, the thermal insulating value of clothing is 
expressed in terms of the 'Icl' i. e. the intrinsic -insulation 
of clothing, in the present study. 
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With reference to the published clo value data, we can cite 
the work by Seppanen et al. (1972) as the first systematic 
investigation of the clo values for everyday clothing 
ensembles. To find out what types of clothing ensembles 
are commonly worn by students they made surveys twice, in 
the Spring of 1969 and February, 1971. The subjects were 
more than 2,000 students at Kansas State University. 
On the basis of the data, they chose 44 typical indoor 
clothing ensembles for both males and females, then 
determined their clo values by means of a thermal manikin. 
The manikin consisted of a black anodized copper skin 
formed to approximate the physical form of a typical man. 
Their work gives us the latest data on the clo value for 
the largest number of different types -of ordinary clothing 
ensembles which consisted not only of outer wear, 
but also 
underwear for both males and-females. McIntyre and 
Griffiths 
(1975 and 1978), and Fishman and Pimbert (1978) have 
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estimated clo values of different clothing ensembles using 
the data of Seppanen et al. (1972). We also us. ed the 
clothing ensemble data of Seppanen etal. in previous 
works (Okukubo, 1980 and Irving et al., 1981 and 1984). 
However, some modifications were done in our case for the 
following reasons. There exist some contradictions in 
Seppanen 's data. For instance: (1) -a sleeveless under shirt 
is warmer than a short sleeved version, (2) a 'warm' jacket 
is not warmer than a 'cool I one, (3) nylon pantyhose (tights) 
do not increase the clo value, and (4) the type of underwear 
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for women has relatively little effect on thermal insulation, 
while men's underwear is a significant factor. 
In factf the effect of women's underwear on the clo values 
for clothing ensembles was proved in measurements of clo 
values by means of thermal manikins (Mihira and Ohno, 1977 
and Mihira and Tay, 1978) . one of_ the explanations for the 
contradictory findings being observed between workers might 
6 
be due to differences in the types of underwear on the market 
in America and Japan. 
Meanwhile, the actual clo values for women's underwear and 
nylon tights are given in the lists of clo values of 
individual garments to estimate clo values for clothing 
ensembles which have been recommended by Nevins et al. 
(1974). and Nishi et al. (1976) . 
It was therefore decided to modify some of the contradictory 
data in practical use. 
It ist Onthe other hand, possible to estimate the thermal 
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insulating values for a variety of clothing ensembles using 
an equation for predicting the clo value for a specific 
ensemble from the clo values of individual garments. 
With this aim, Sprague and Munson (1974) proposed the 
following equations for men and women separately, These 
equations are produced based on the clo values for clothing 
ensembles which were previously measured by Seppanen et al. 
(1972). 
For men, Icl = 0.727 Is + 0.113 
For women,, Icl = 0.770 Is + 0.050. 
where Icl = Total clo value of clothing ensemble 
(clo) 
Is Sum of the clo values of each 
individual garment (clo). 
From these equations, it will be understood that the clo 
value estimated for a given clothing ensemble is calculated 
as a smaller value than the total of the clo values of 
individual garments which are included in the clothing 
ensemble. This axiom depends upon the fact that many 
garments overlap and compress others below in the case of 
wearing several layers of clothing. 
Nevins et al. (1974) recoMMended the use of the equation 
below, which simplified the equation of Sprague and 
Munson (1974). 
For men,, Icl = 0.75 Is + 0.10 
For women, Icl = 0.80 is + 0.05 
where Icl = total clo value of clothing ensemble 
(clo) 
Is sum of clo value of each individual 
garment (clo) 
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For the purpose of field clothing surveysl Nevins et al. 
(1974) proposed tables of individual clo values of garments 
to be used easily with the above equations. Those clo 
values for individual garments seem to be those which were 
based on the data of Seppanen et al. (1972), but such 
contradictory data as described previously were omitted. 
It can be seen that these equations and individual garment 
clo values which have been proposed by ASHRAE are widely 
used in the estimation of clo values. 
0 
Meanwhile, Sprague and Munson (1974) pointed out that 
standard estimates of error are 0.04 for men's clothing and 
0.05 for women's clothing. Thus, the simple estimation 
equation should give clo values within 0.05 clo. We must 
analyse the clo values estimated by means of those equations 
taking this figure into account. 
In Japan, some simple estimation equations have been reported 
by Inagaki (1974) and Hanada et al. (1981 and 1983) based on 
clo values measured for clothing available on the Japanese 
market. The thermal manikins used by them were also a life- 
sized black copper shape. Descriptions of their mechanisms 
can be found in separate papers (Toda, 1958 and Hanada and 
Mihira, 1977). 
For women's clothing ensemble (Inagaki, 1974) 
0.618 (EX) + 0.003 
For men's clothing ensemble (Hanada et al., 
1983) 
0.708 (EX) + 0.052 
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For women's clothing (combination of underwear and dress) 
(Hanada et al. F 1981) . 
Y=0.828 (EX) + 0.013 
where Y= total clo value of clothing ensemble (clo) 
EX = sum of each individual garment clo value (clo) 
It can be seen that the equation for the women's clothing 
ensembles by Inagaki shows a slightly different pattern from 
those reported by Hanada et al., Sprague and Munson and 
Nevins et al. One explanation for this might be due to 
different mechanisms of the thermal manikins being used -for 
0 
the determinations. 
The equation for the men's clothing ensembles by Hanada 
et al. seems to show a similar pattern to those of Sprague 
and Munson and Nevins et al. Moreover, the clo values for 
the individual garments actually measured by Hanada et al. 
(1983) were in agreement with those of ASHRAE. Examples of 
the values of Hanada et al. and ASHRAE respectively are: 
0.07 clo and 0.08 clo for sleeveless undershirt, 0.51 clo 
and 0.49 clo for thick sports jacket, and 0.29 clo and 0.26 
clo (thin) or 0.32 clo (thick) for trousers. 
The equation for women's clothing reported by Hanada et al. 
(1981) was derived from combinations of underwear and 
dress where outer wear was restricted to one type of dress. 
Namely, combinations of garments varied only in the types 
of underwear worn. In this point, the equation of Hanada 
seems to have a slightly different sense compared with the 
other equations when we evaluate them under a widely 
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accepted concept of clothing ensemble. Howevery it will 
be noted that the equation of Hanada et al. (1981) shows a 
very similar pattern to those of Sprague and Munson and 
Nevins et al. The clo values of underwear seem to be similar. 
The values of Hanada et al. and ASHRAE respectively are: 
0.02 - 0.08 clo and 0.04 for girdle and 0.15 - 0.22 clo'and 
0.19 clo for full slip. 
The findings show that individual garment clo values 
measured by Hanada et al. presented similar values to those 
of ASHRAE. Thisosuggests that it is possible to supplement 
the clo values determined in Japan for the clothing which 
did not appear in the clo value tables proposed by ASHRAE. 
The works of Hanada et al. give us the latest clo values 
for individual garments recently on the market in Japan. 
Clo values for 64 types of women's underwear, e. g. panties, 
girdles, shirts and stockings were determined by using a 
life-sized thermal manikin (Hanada et al., 1981). In the 
same way, 51 types of men's underwear, e. g. shirts, pants 
and long pants were determined (Hanada et al., 1983). 
Unfortunately we have not yet available as much information 
on outer wear as underwear. Only 1 type of dress and 7 
types of men's outer wear were used for the determination of- 
the clo values in their investigation. 
We now have a list of clo values of individual garments 
which have been recommended by Nishi et al. (1976) in 
addition to that by Nevins et al. (1974). Both values 
depend fundamentally on the data of Seppanen et al. (1972) 
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and therefore present similar figures. However, the former 
list (Nishi et al. ) seems to be easier to use than that of 
Nevins et al. because it consists of clo values for 3 
categories, whether a specific garment is light, medium 
or heavy. 
In both lists the type of textile fibre from which the 
clothing specified was made is not defined. 
Meanwhile, a method for evaluating directly the clothing 
insulation while worn by a live subject, as opposed to the 
heated manikin procedure, has been developed by Nishi et al. 
(1975). This principle involves the direct measurement of 
clothing heat transfer properties (the thermal efficiency 
factor). This was assessed measuring exposed clothing 
surface temperature, skin surface and ambient temperatures. 
Nishi et al. (1976) compared the results obtained in this 
direct method with the clo values determined by means of 
a simple estimation equation (Nevins et al., 1974) in subjects 
who were wearing their own winter clothing. According to 
their results, clothing insulating values estimated from the 
Nevins statistical method were well correlated (r 
2=0.67) 
with those from their direct method. It was concluded that 
the advantage of the simplified method (using the estimation 
equation) is its applicability to the field comfort survey 
to collect clo values for clothing worn by subjects with 
reasonable accuracy. On the other hand, little work has been 
done on either clo valyes for children's clothing or the 
use of a thermal manikin to measure these values. 
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In an attempt to evaluate children's clothing in terms of 
clo units, Humphreys (1977) gave a number from 1-3 
to a specific garment according to its estimated contribution 
to the thermal insulation of the clothing ensemble. The 
number for a clothing ensemble specified was obtained by the 
sum of individual garment scores. According to him, a 
clothing number of 10 was approximately equivalent to 1 clo. 
The numbers for individual garments were 3 for blazer, cardigan, 
jumper and long trousers; 2 for shirt/blouse, dress, skirt, 
short trousers and tee-shirt, 
-and 
1 for vest, slip, pants 
and socks. 0 
His idea should be further evaluated. However, it seems 
to be difficult: in practice because no detailed explanation 
was given on how such numbers were derived. 
In Japan, clothing weight has been widely applied to 
evaluate the thermal insulating properties of clothing worn, 
in particular those of children's clothing (Toda et al-.,, 
1982,, Research Group on Clothing Construction, 1982 
and Araki and Inoue, 19 82) . Clothing weight is commonly 
expressed in terms of grams per body surface area in 
square metres (grams m 
2-1 ). 
It is well accepted that clothing weight shows a high positive 
correlation with the thermal insulating value of clothing. 
Linear relations were observed in the equations for predicting 
clo values of clothing from the clothing weight in adults' 
clothing (Mihira and TAya, 1978, Hanadaet al., 1981 and 1983). 
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In the relationship between the clo value and clothing 
weight, Seppanen et al. (1972) illustrated a slightly 
curved line. We can see the line as approximately fitting 
those drawn by Mihira and Taya (1978) and Hanada et al. 
(1981 and 1983). 
Consequently, at this stage, it is interpreted as being an 
acceptable method to assess the thermal insulation of 
clothing worn by children by means of the clothing weight. 
(4) Methods of Measurement of Mean Skin TOInperature 
In general, investigators have 2 major interests in 
measuring mean skin temperature as Teichner (1958) pointed 
out: (1) using this value in conjunction with rectal 
temperature to obtain an estimate of body heat content and 
depth, and (2) relating this value directly to the stress 
produced by environmental thermal conditions, e. g. physical 
thermal parameters and clothing worn. The latter is of 
greater interest than the former to the object of this study. 
The mean value of skin temperatures is normally obtained by 
measuring the temperatures of different sub-areas of the 
body surface and weighting the readings according to the 
proportion of the body area represented. 
This is based on the concept that there are sub-areas of 
the body surface which are homogeneous in relation to 
temperature. The total body surface is subdivided into 
homogeneous sub-areas, the temperature of each is then 
determined by measurement of at least 1 point within 
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each area it represents. 
Various attempts, as reviewed by Kurata and Funazu (1954), 
Teichner (1958). Mitchell and Wyndham (1969) and Sato and 
Katsuura (1974) have been made to derive a computational 
scheme for the mean skin temperature in relation to the - 
number of sub-divisions used and the weighting coefficients 
to be given to the readings for each sub-area of the body 
surface. 
The-methods in use vary from a 22-point system to a 3-point 
system. These were originally proposed by the following 
workers: Burton (1934), Winslow et al. (1936), Hardy and 
DuBois (1938),, Research Group to Human Physiology in 
Seasonal Variation (Kisetu §eiri han in Japanese) (1952), 
Teichner (1958),, Ramanathan (1964), Stolwijk and Hardy 
(1966) and Mitchell and Wyndham (1969). 
In Figure 1.1, these sites for measuring the temperature 
of the body surface have been plotted on an anatomical figure 
based on those that were drawn by Winslow et al. (1936), 
Hardy and DuBois (1938), Kisetu seiri han (1952), Mitchell 
and Wyndham (1969) and Sato and Katsuura (1974). 
Winslow et al. (1936) proposed the 15-point system where the 
mean skin temperature (Tsk) is calculated as: 
Tsk = Wl (A +B+ C) /3 + W2 (F + H) /2 + W3 (L) 
W4(M +N+P+ R)/4 + W5(T + V)/2 
W6(W + Y)/2 + W7(Z) 
It-There A, BZ indicate the temperatures measured at 
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Figure 1.1 Sites of skin temperature measurement 
FOUr anatOn-Lical seg'Wnts; the head, the upper 
extremities,, tnzik and lower extremities are 
expressed by A,, B,, C and D; E,, F, Gg, Hg. I,, J, K 
and L; M, Nr 01 P, Q, R and S; T, Ur V, W, X, Y 
and Z respectively 
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the sites of the body surface, which are shown in Figure 
1.1. Wl, W2 ....... W7 mean the weightings to be attached 
to the sub-divisions of the readings represented. The 
seven sub-areas were: the head (Wl), the arms (W2), the 
hands (W3), the trunk (W4), the thighs (W5), the legs (WO 
and the feet (W7) respectively. 
In this method, the weighting values were produced by each 
subject as a factor numerically equivalent to the 
percentage of the total area of the body surface represented 
by the separate segments. The percentages were taken from 
DuBois and DuBois (1916). From this, high accuracy is 
expected. Mitchell and Wyndham (1969) named the method of 
Winslow et al. (1936), the 'optimal method'. 
To simplify procedure, however, a modification of the 
system of Winslow et al. (1936) by Hardy and DuBois (1938), 
was to circumvent area measurements on each subject by 
deriving average weighting coefficients. They calculated 
the relative areas based on the data from 16 male subjects. 
The total surface area of the body was estimated from the 
Sage height-weight and linear formulae (DuBois and DuBois, 
1916). Hardy and DuBois used the 15 points of Winslow 
et al., and added 5 more. 
They proposed the following formula to calculate mean skin 
temperature (Tsk) where the relative areas were presented. 
Tsk = 0.07 Tl(head) + 0.14 T2(arms) + 0.05 T3 
(hands) + 
0.35 T4(trunk) + 0.19 T5 (thighs) +. 0.13 T6(lecjs) 
+0.07 T7(feet) 
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Tl,, T2 -.... T7 indicate the temperature for each individual 
area. It can be seen that the weighting coefficients given 
to each of the 7 divisions were 0.07 for head surface, 
0.14 for arms surface, 0.05 for hands, 0.35 for trunk,, 
0.19 for thighs-i 0.13 for legs and 0.07 for feet. 
On the basis of the weighting coefficients, a 7-point 
system which assumed 1 measuring site only per body region 
and a 12-point system have been developed (Hardy and DuBois, 
1938 and Mitchell and Wyndham, 1969). These simplified 
methods are inteFpreted as the most widely used ones 
throughout the world. It can be seen that they rely upon 
relatively few measuring points, but in spite of this, these 
methods are useful to investigate temperature distributions 
of the body surface. The equations are as follows: 
Hardy and DuBois :7 points 
Tsk = 0.07(A) + 0.14(H) + 0.05(L) + 0.35(P) 
+ 0.19 (T) + 0.13(W) + 0.07(Z) 
Hardy and DuBois : 12 points 
Tsk = 0.07(A) + 0.14(H) + 0.05(L) + 0.35(M +N+P+ R)/4 
+ 0.19 (T + V) + 0.13 (W + Y) + 0.07 (Z) 
where the letters are the same as those symbols which 
appear in the anatomical figure which represent the 
temperatures at each of the sites (see Figure 1.1). With 
respect to the 7-point system, A represents the forehead, 
H left forearm,, _ 
L: back of left hand, P left abdomen, 
T left medial thigh, W: left shin and Z left instep 
respectively. 
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In Japan, a 22-point system was proposed by A research 
group on human physiologY in seasonal variatýon (. 1952), 
the mean skin temperature (. Tsk) is calculated as, - 
Tsk = 0.043(C) + 0.031(A + B)/2 +0 024(D-+ D1 )/2 
+O. 082(E + G)/2 +0.061(. l + J)/2 + 0,053(K + L)/2 
+0.166 (M + N) /2 + 0.081 (0 + 
ýQ) 
/2 + 0.081 (S + R) /2 
+0.172 (T + V) /2 + 0.134 (X + Y) /2 + 0.072 (Z) 
The measuring sites are as in Figure 1.1. 
Kurata and Funazu (1954) have,, however, found that a mean 
value of the skin temperature can be obtained satisfactorily 
by means of the 11-point system below., 
a 10-point system and a 5-point one. 
Kurata and Funazu: 11 points: 
Tsk = 0.043(C) + 0.055(A) + 0.082(E) 
0.053(L) + 0.166(N) + 0.081(Q) 
0.172(T) + 0.134(Y) + 0.072(z) 
Kurata and Funazu: 5 points: 
Further, they proposed 
+ 0.061(H) + 
+ 0.081(S) + 
Tsk = 0.098(C) + 0.196(1) + 0.328(0) + 0.172(T)+ 
0.206 (X) 
It will be noticed that relative areas of the 4 anatomical 
segments for Japanese people are almost the same as those 
of Americans as calculated by Hardy and DuBois. 
Regarding the mean skin temperatures of Japanese subjects 
reviewed previously (see Section 1.2), Ogawa et al. 
(1974 
and 1975) and Isoda et al. (1975) calculated those 
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temperatures by means of the 10-point system and 11-point 
system respectively (K. urata and Funazu, 1954). it is 
interesting to note that differences in the values 
obtained between the 11-point systemof-Kurata and Tunazu 
and the 12-point system of Hardy and DuBois were less than 
+0-10C in skin temperature variations (Isoda et al. - 1975). 
It is particularly important in field studies to reduce the 
number of points to simplify the measurements. Teichner 
I 
(1958) investigated ýhe precision with which the mean 
weighted skin tem erature might be estimated from fewer ., 
P 
points using the Quartermaster Corps' 10-point system as a 
criterion. 
The data were obtained from 323 soldiers in sub-groups who 
were exposed to 12 different low temperatures. He concluded 
that the 10-point weighted mean can be estimated with no 
more than 6 selected points with no loss in reliability, and 
proposed the following equation: 
Teichner :6 points 
Tsk = 0.149Tl(cheek)+ 0.107T2(upper arms) + 
0.186T3(chest)+ 0.186T4(back) + 
0.186T5(medial thighs) + 0.186T6(lateral thighs). 
He also pointed out that the temperature on the surface of 
the medial thighs is a satisfactory measure of the mean 
skin temperature under most conditions. 
Ramanathan (1964) proposed a simple weighting system for 
computing the mean skin temperature fr, om obý5ervations on 
four areas of the body, i. e. chest,,. arms,, thighs and legs 
based on the data from three resting subjects from 112 
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experiments. The validity of this proposed system has been 
asserted from the fact that the simple 4-point system 
yields mean skin temperature values identical with the 
Hardy-DuBois 7-point system. His system has the added 
advantage of using only 2 single-digit weighting coefficients. 
Ramanathan :4 points 
Tsk = 0.3Tl, (chest) + 0.3T2 (arms) + 
. 
0.2T3 (thighs) + 0.2T4 (legs) . 
It was revealed by Mitchell and Wyndham (1969) that the mean 
value calculated by the Ramanathan's 4-point system correlated 
very highly with 
%* 
that by the optimal method which was 
developed by Winslow et al. (1936) . From this, they have 
recommended the use of this 4-point system in field studies, 
where simplicity of experimental 'technique and calculation 
become important. 
Ramanathan (1964) has confirmed the view of Teichner (1958) 
in the point that the medial thigh temperature gives a good 
indication of mean skin temperature, while that temperature 
rated very poorly according to Mitchell and Wyndham (1969). 
In such simplified unweighting systems, it has been 
demonstrated that the mean value calculated by the 2-point 
unweighted system was more approximate to that by the 
22-point weighted system (Kisetu seiri han, 1952) , than that 
by the 5-point system (Kurata and Funazu, 1954). The 2 
measuring points of skin temperature were chosen because 
there was a small variance and the same trend of change as 
the mean skin temperature with any given change of thermal 
environment. The best is obtained as: Tsk = 
0.5 (C + 7) where 
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C and T are the mean temperatures of the back of the head 
and medial thighs respectively (see Figure 1.1). 
In conclusion, the method to be used should be decided 
according to the purpose of determining of mean skin 
temperature, which will also be suggested by the following 
to make possible modifications of the original specified 
method. 
Gagge et al. (1973) states that the mean skin temperature 
(Tsk) has usually been measured as the following in their 
extensive studies: 
Tsk = 0.07 Tl(head) + 0.07 T2(upper arms) + 0.07 T3(foreanns) 
* 0.05 T4 (hands) + 
. 
0.175 T5 (chest) + 0.175 T6 (back) 
* 0.19 T7(thighs) + 0.20 T8(legs) 
This 8-point weighting system seems to be similar to the- 
Hardy-DuBois 7-point system, but is not equal to it. 
Olesen et al. (1972) have measured mean skin temperature 
(Tsk) as: 
Tsk = 0.072 Tl(forehead) + 0.214 T2(upper arm + lower arm 
+ hand)/3 + 0.357 T3(lower occiput + scapula + 
upper chest + lower back + right abdomen)/5 
* 0.143 T4(anterior thigh + posterior thigh)/2 
* 0.214 T5(shin + calf + foot)/3. 
In this method, the 14 sites seem to be similar to those of 
Winslow et al. (1936) , but are not equal to them, and also 
the weighting coefficients used are interpreted as being 
a modified version of Hardy and DuBois (1938). 
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CHAPTER TWO 
Aims of: the Rreýseht Study and H*ypothetes 
The present study aims to throw light on the individual 
differences of clothing worn which exist for the maintenance 
of thermal comfort. 
Attention was focussed on what types of personal human 
variables would affect clothing worn with a view to 
elucidating how to modify one Is personal human variables 
to achieve clothing habits more conducive to health. 
0 
A second. aim was to demonstrate the results of habitually 
wearing less clothing from 2 aspects; thermal homeostasis 
against the cold in relation to body surface temperature, 
and the number of colds caught during the winter period. 
At this stage we classify provisionally the factors which 
affect the clothing worn to create comfort conditions into 
primary and secondary factors. The ambient temperature 
and main physiological human variables are defined as primary 
factors. It is possible for individuals to modify other 
personal human variables, e. g. living habits, wearing 
attitudes etc. which are defined as secondary factors. 
Many variables are concerned with the comfort conditions 
for individuals. A change in one variable can often be 
compensated for by changes in another to maintain a 
balanced 
situation. With this reasoning it is considered as a useful 
index if the clothing level to maintain comfort conditions 
is identified by a single measure which takes into account 
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all the primary factors. 
An attempt is made for the first time to define such a 
standard level of clothing in this study. A method of 
estimating the clothing level was developed applying the 
quantification theory. The reason for the statistical 
technique being used in this case is that the sex variable, 
which is non-numerical, was included within the physiological 
human variables investigated. 
The reasons why we need to estimate the standardised. clothing 
value are: ý 
(1) The effects of personal human variables upon clothing 
worn should be investigated in terms of clothing value 
adjusted for the primary factors and not in terms of 
actual clothing level. 
(2) The relationship between clothing worn and the number 
of colds caught should be discussed using the clothing 
value adjusted for the primary factors. 
We express provisionally the clothing value adjusted for 
ambient temperature, sex, age and build of subject in terms 
of I standardised clothing value I (SCV) . On the other hand, 
the clothing value adjusted for ambient temperature only by 
means of a regression equation is expressed in terms of 
I clothing level adjusted for ambient temperature' (CAT) . 
As a criterion of health level, the number of colds caught 
during the winter period was used as the present study was 
concerned solely with the cold season, 
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The main hypotheses investigated in this study are 
f ollows: 
There will be individual differences of clothing worn 
to maintain thermal comfort 
Individual differences will exist in clothing 
levels (CAT) adjusted for ambient temperature 
(A2) -Individual differences will still exist in 
standardised clothing values (SCV)"adjusted for 
ambient temperature and physiological -human variables. 
B If hypothesis A is supported, there will exist personal 
human variables which yield the individual differences 
One's wearing attitudes; whether or not one wears 
light clothing to promote good health, will affect 
the amount of clothing worn. 
(B2) Clothing comfort factors to which one attache, -ý-, 
importance will have some influence on one's 
clothing behaviour. 
(B3) People who regularly take part in sporting 
activities will be warm enough with less clothing 
than those who seldom take part in sport. 
(B4) People who practise rubbing the naked skin with 
a dry cloth will be warm enough wearing less 
clothing than those who do not. 
(B5) People who warm themselves using a footwarmer for 
long hours will need more clothing to keep warm 
than those-who do not. 
(B6) For primary school pupils, those who choose their 
own clothes for school will wear less clothing 
than- 
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those who have their clothes chosen by their 
mother. 
c If hypotheses A and B are supported, habitually wearing 
less clothing will contribute to maintenance of thermal 
homeostasis against the cold, 
(Cl) People who habitually wear less clothing will show 
skin temperatures approximating those who habitually 
wear more clothing under moderately high ambient 
temperatures so that both groups feel comfortable. 
(C2) People* who habitually wear less clothing will be 
able to keep comfortable skin temperatures even in 
the condition specified (ambient temperature of 
180C and clothing of 1.0 clo) whereas people who 
habitually wear more clothing feel- cool and cannot 
keep comfortable skin temperatures. 
D If hypothesis C is supported, enhancing the body's 
tolerance to cold by means of wearing less clothing will 
contribute to an increased resistance to colds 
(Dl) People who habitually wear less clothing will 
catch fewer colds during the winter than those 
who wear more clothing. 
(D2) For primary school pupils, those who habitually 
wear less clothing will have fewer days absence 
due to illness during the winter than those who 
wear more clothing. 
E If hypotheses B, C and D are supported, the following 
beneficial results will be obtained in the schools where 
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pupils were guided not to wear excess clothing (IGI 
Schools) 
(El) Pupils f rom the 'G' Schools will wear less clothing. 
(E2) Pupils from the 'G' Schools will catch fewer colds 
during the winter than those from schools where 
no guidance on clothing was given ('N ' Schools). 
(E3) Pupils from the IGI Schools will have fewer days 
absence due to illness during the winter than 
those from the 'N' Schools. 
(E4) Pupils from the IG' Schools will have profiles 
approximating those of the group who are able to 
maintain comfort conditions with light clothing, 
while pupils of the IN' Schools will have profiles 
approximating those of the group who wear more 
clothing in their personal human variables in 
relation to hypotheses Bl - B6. 
F Differences of clothing behaviour relating to thermal 
comfort will exist between English and Japanese people 
due to different living and clothing habits 
English of f ice workers will be warm enough wearing 
less clothing than their Japanese equivalents at 
the same winter temperature when their physiological 
human variables are the same. 
(F2) English office workers will attach more importance 
to ease of movement of clothing worn in winter 
than Japanese office workers. 
(F3) English office workers will attach less importance 
to adequate warmth of clothing worn in winter than 
the Japanese. 
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(F4) The number of people who take part in sporting 
activities regularly will be larger among English 
office workers than among Japanese ones. 
Of the hypotheses, B4 and B5 are concerned with the 
Japanese group only because English people do not follow 
such customs. These hypotheses are discussed in the 
following chapters: hypothesis A in chapters 5 and 10: 
hypothesis B in chapters 6 and 11; hypothesis C in chapter 
7; hypothesis D in chapters 8 and 10; hypothesis E in 
chapter 9,; hypothesis F in chapters 10 and 11. 
tv 
Background of Hypotheses 
As reviewed in Chapter One (see Section 1.2) , physiological 
adaptation is part of the ability to maintain homeostasis 
(Ashby, 1966) under more extreme environmental conditions. 
Adolph (1956) states that the adaptive modifications occurring 
during prolonged cold exposure are typical for cold and 
different from those modifications taking place when the 
organism is exposed to a different stressor, e. g. lack of 
oxygen. Selye (1950) paid attention to certain similarities 
and common factors in adaptation, thus his investigations 
led to the concept of unspecif ic, adaptation. In agreement 
with a view of Hensel et al. (Prechtr Hensel et al., 1973, 
p. 618) , studying thermal adaptation will 
lead us to both 
of these phenomena, stressor-specific and stressor-unspecific 
adaptation. 
It is well known that prolonged exposure to cold increases 
cold resistance of homotherms. Several different mechanisms 
have been known to be involved in the achievement of cold 
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resistance, i. e. cold adaptation in man. Hammel (1963) 
classified the types of adaptation to cold in man: 
metabolict insulative and hypothermic. The metabolic type 
is based on an increase of heat production without the 
intervention of shivering. This mechanism is interpreted 
as being the most common of the 3. 
On the basis of this concept, hypotheses B3, B41 B5 and 
C2 were established for the following reasons. 
It is assumed that taking part in sporting activities, 
0 
rubbing the naked skin with a dry cloth and habitually 
wearing less clothing will contribute to enhance the body's 
tolerance to cold due to an increase in heat production. 
That is, we considered these variables as a positive cross 
adaptation, whereas warming one's self using a, footwarmer 
for long hours and habitually wearing more clothing was 
interpreted as a negative cross adaptation, i. e. decreasing- 
cold tolerance. 
Some investigators indicated experimentally that physical 
training generally promoted the acclimatisation and enhanced 
the body 's tolerance to cold (see Chapter 1.2) . 
A pre-survey, (Okukubo, unpublished data) indicated that 
the students who specialised in physical training were - 
able to maintain thermal comfort with lower clo values than 
the other students at the same winter temperatures. Thus, 
it is suggested that t4e level of clothing needed to create 
comfort conditions may be affected by taking part 
in sport/ 
jogging regularly in everyday life. 
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In Japan, it is commonly believed that rubbing the naked 
skin of the body using a dry/wet cloth (kanpumasatu in 
Japanese) is conducive to health, in particular increasing 
one Is tolerance to cold. For instance, during the Second 
World War it was strongly recommended to practise 'kanpumasatul 
throughout the country. For several years now attention 
has been paid once again to 'kanpumasatul as a method of 
promoting one's health. Consequently there are some 
kindergartens where children are guided to practise rubbing 
their own naked skin with a dry cloth as part of the 
curriculum. How"ever, no published literature has been found 
to support the effect of 'kanpumasatul. 
The author has considered the mechanism of rubbing the naked 
skin with a dry cloth, which will contribute to enhance the 
body's tolerance as follows. Whilst rubbing the naked -skin 
of the body, the skin is exposed to the air which is- of a 
lower temperature than that of the air between the skin and 
the innermost layer of clothing. Physical stimulus by means 
of rubbing will lead to an increase in blood flow and will 
promote heat loss from the body. Repeating such stimulus 
in winter seems to have the same effects as prolonged exposure 
to cold and will thus enhance the function of the vascular 
control system of blood flow to and from the skin surface. 
On the other hand, the Japanese follow the custom of warming 
themselves using a footwarmer, which is a frame set on a 
carpet or mat, because the home is not well heated (a gas 
stove or paraffin heater being commonly used for space 
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heating). The average size of footwarmers is 70 cm 
2 
with 
a height of 35 cm, so that not only the feet but also the 
legs and buttocks are warmed. It is suggested that the 
use of such a footwarmer to warm the feet and legs may 
reduce the tolerance of the lower half of the body to cold. 
These people probably require more clothing for the legs 
in order to maintain thermal comfort. 
To support this theory, in previous work (Irving, Okukubo 
and Sakai, unpublished data) we found that the clo value 
f or the clothinqý of the lower half of the body worn by the 
Japanese students was much greater than that for the English 
students in winter. one of the reasons for this could be 
attributed to the Japanese habit of using a footwarmer. 
Moreover, a pre-survey (Okukubo, unpublished data) showed 
that a difference was found in the complaints of cold 
discomfort for the legs according to the 2 sub-groups of 
students defined by the length of time the footwarmer was 
in use. The group who habitually warmed themselves with 
a footwarmer for long periods in their study bedrooms had 
a higher rate of complaints when they attended a lecture at 
the same winter temperature as those who did not. However, 
such possible ill effects of the use of a footwarmer have 
not yet been proved. 
In Japan, it has been suggested that wearing light clothing 
is effective in promoting good health. one piece of evidence 
to support this was reported by Nagata (1954). In general, 
levels of basal metabolism. of the Japanese decrease in summer 
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and increase in winter. From this aspect, N-Agata investigated 
the effects of wearing less clothing on the variation in 
basal metabolism in December involving 15 Japanese men. 
During the period the basal metabolism of the group who 
wore an average level of clothing (N = 6) increased 3.8%, 
while that of the group who wore heavy clothing (N = 9) 
only 0.3%. It was therefore revealed that wearing more 
clothing suppressed the acceleration of metabolism in the 
cold season. 
The author has cpnsidered that wearing light clothing 
itself contributes to give a continuing weak stress of cold 
to the human body. This seems to have the same reaction as 
the effect of prolonged exposure to cold, and may enhance 
one's thermoregulatory function to cold. 
However, the physiological basis accounting for the ability 
of a particular group of people to be comfortable wearing- 
less clothing isn-otyet sufficiently known. 
As a measure of promoting health in relation to clothing 
habits, in Japan there exist some primary schools where the 
children are guided not to wear excess clothing. In such 
schools pupils are commonly advised to do more sport in order 
to further promote their physical fitness. Nevertheless, 
the effects of such guidance at those primary schools are 
hardly ever evaluated. We can cite a preliminary survey by 
Araki and Inoue (1982) where the monthly rate of cold 
contraction for children Jn several kindergartens was 
investigated. Hypothesis E is concerned with this matter. 
105. 
One's clothing is worn to satisfy a number of aims, not 
only for the function of keeping the wearer warm. This is 
based on the concept that clothing behav: i ,, our 
is multi- 
dimensional. Thus, clothing comfort factors to which an 
individual attaches importance should be taken into account 
when the thermal insulating value for the clothing worn to 
achieve thermal comfort is defined. -- 
At this stage, clothing comfort factors are provisionally 
defined by the author as those factors which make the wearer 
comfortable in relation to multiple purposes of clothing worn, 
not only the hygienic factors relating to thermal properties 
and ease of movement, but also psycho-sociological items 
such as the aesthetic attributes, personal appearance, 
modesty, conformity, etc. are included in those factors. 
Whether you attach importance to a given factor may reflect 
clothing habits and national characteristics existing in 
England and Japan beyond the maintenance of comfort conditions. 
However, such an approach to analysing clothing levels to 
create thermal comfort from existing clothing behaviour seems 
not to be made among published literature relating to thermal 
comfort. 
From these aspectsf hypotheses B2, F2 and F3 are established 
in the present study. 
2.06. 
CHAPTER THREE 
Proýcedure 
3.1 Sub 
Japanese Office Worke'rs and Their Offices 
The Japanese office workers who took part in the survey 
questionnaire were all employed in prefecture offices, ward 
offices, universitiest etc. located in Osaka Prefecture. 
They were chosen at random from 11 different offices. 
I 
i 
The sample sizes are, given by sex and offices in Table 3.1. 
Since some offices r equested anonymity, the name of the 
office is represented by a symbol. Sample sizes were 
between 112 and 115 in 3 offices, and between 60 and 64 in 
the other 8. The former 3 offices were also concerned with 
the experiment on measuring skin temperatures so the sample 
sizes were decided considering the numbers of female workers 
to be matched for the subject. 
in each of f ice equal numbers of male and f emale workers were 
chosen. The total effective sample was 840,439 males and 
401 females. The average age in the whole sample was 34.1 
years with a range from 20 - 59 years (see Table 5.1). 
Here, the. effective sample was defined as that providinq 
pairs of data which were collected from both surveys made 
at the end of October, 1981 (autumn) and at. the end of 
January, 1982 (winter) , and in addition that there were 
responses for all the items investigated. The effective 
sample proved to be 84% of the total sample collected. 
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In the municipal office (no. 003) they had an office uniform, 
but it was not compulsory to wear it. The subjects from this 
office all wore their own clothing on the day of the survey. 
_ 
There was no uniform in any of the other offices. 
Offices where the subjects were workýng were all of Western 
style in a steel and concrete building. The offices 
contained from 3- 18 people. None of the offices used any 
space heating system when the survey was conducted in 
autumn, while in winter the f irst 5 of f ices (nos. 001 - 005) 
were centrally heated and. the others (nos. - 006 - 011) were 
heated by gas stove. Accordingly, 427 subjects worked in 
offices heated by gas stoves, which accounted for 50.8% of 
the total sample, and 49.2% worked in centrally heated offices. 
In the offices using a gas stove, the ambient temperature 
could be controlled by adjustment of it according to the 
preferred temperature of the occupants. 
English Office Workers and Their Offices 
The English office workers were chosen at random from 21 
different offices where the sample sizes collected were 
between 4 and 25. 
The total effective sample was 207,101 males and 106 females. 
The average age in the whole sample was 31.5 years with a 
range from 17 -59 years (see Table 10.1) . Here, the 
ef f ective sample was def ined as being those who respon- ed 
to all the items investigated, and this proved to be 97% 
of the total sample collected. 
All the offices were centrally heated when the survey was - 
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carried out. 
Japanese Primary S_thool_ Pupils 'and Their -Cl'as'srooms 
For the purpose of comparing the clothing behaviour and 
thermal comfort of adults with that of children, pupils in 
the fifth or sixth years (10 - 12 years) from primary schools 
were chosen. This age of children was recognised as being 
the youngest qualified to complete the questionnaires. A 
pre-survey found that the fourth year pupils were unable to 
complete the questionnaires used in the present- study. 
0 
The subjects were chosen according to whether or not they 
belonged to the schools where pupils are guided not to wear 
excess clothing, as well as whether or not the school had a 
unif orm. 
Ten municipal coeducational primary schools located in Osaka 
prefecture were requested for this. The 10 schools were 
divided equally into those whose pupils wore school uniform 
and those who did not. From each group of schools 2 were 
chosen which recommended their pupils not to wear excess 
clothing. The schools are identified by symbols in Table 
3.2 due to some schools requesting anonymity. Subsequentlyr 
from the 10 schools 2 classes from each of the fifth and 
sixth years were chosen at random where the classes ranged 
in size from 32 - 49 pupils. The sample sizes are given 
by 
sex and schools in Table 3.2. The total effective sample 
was 1,5071 784 boys and 723 girls. The average age was 
11.3 years for both girls and boys 
(see Table 5.2). The 
effective sample proved to 
be 89% of the total sample 
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collected. The reason for the smallest sample size being 
recorded in the S05 school was that the collection rate 
in winter was lower besides their classes being smaller. 
In the 5 uniform schools (SOl - $05). their uniform 
comprised jacket, shirt (short and long sleeves) , skirt 
for girls, or short trousers for boys. There was no 
control over the underwear worn by pupils, and they could 
also wear sweaters, etc. if desired. Pupils were not 
enforced to wear these uniforms in school so they were able 
to control their comfort conditions by altering the garments 
0 
during the course of the survey. Thus, pupils from the 
uniform schools were interpreted as being adequate subjects 
as well as pupils from the non-uniform schools. 
The uniform schools were chosen so that there were no large 
variations in the clothing weights of their uniforms. The 
weights of jackets, skirts and trousers are given by school 
in Table 3.3. These weights are for an average uniform 
worn by both fifth and sixth year pupils made from mixed 
fibres of polyester and cotton, These uniforms were worn 
in all 4 seasons. 
The classrooms (total number 40) containing the subjects 
were all ordinary rooms where pupils were taking lessons, 
e. g. mathematics, Japanese language, etc. The average air 
3 
volume of the room was about 282 m The classrooms were 
all of Western style in a steel/concrete building, and 
the 
subjects wore canvas-shoes on wooden 
floors. 
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Table 3.3 Clothing weights for uniform by school 
Girl 1,9 un 15. M IýQy 
$hort 
School Jacket Skirt Jacket Trousers 
Sol 410 330 420 150 
S02 410 280 420 180 
S03 400 300 400 200 
S04 400 280 400 180 
S05 410 300 420 
. 
180., 
Figu3oes show clothing weights (g) of an 
average uniform worn by the fifth and 
sixth year pupils. School symbols are 
as in Table 3.2. 
None of the classrooms used any space heating system when 
the survey was made in autumn. In winter 30 classrooms used 
a gas stove, but the other 10 did not use any heating system. 
These classrooms were from 3 schools (SO1, S05 and S10) ;2 
classrooms from S01 and 4 each from $05 and $10. in total, 
326 subjects were taking lessons in rooms where no heating 
system was used in winter, which accounted for 21.6% of the 
total. 
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3.2 SurVey Questionnaire 
The following variables were measured for each subject by 
means of a survey questionnaire. 
Types of clothing ensembles actually worn by office 
workers when they worked normally in their offices. 
For school pupils, the types of clothing ensembles 
worn by them when they were taking lessons in their 
classrooms. 
(2) Clothing comfort factors to which you attach importance 
for the clothing ensemble actually worn. 
(3) The thermal sensations felt in their offices/classrooms. 
(4) Whether you have ever heard that wearing f ewer clothes 
is more healthy. 
0- 
(5) Sources of information of (4). For school pupils, 
"Who advised you that wearing light clothing promotes 
good health? " 
(6) one's wearing attitudes: whether you intend to wear 
less clothing. 
(7) Whether you take part in sporting activities. For 
school pupils, whether you take part in physical 
training after school hours. 
(8) Whether you practise rubbing your naked skin with a 
dry cloth. 
(9) Whether you warm yourself using a footwarmer for 
long hours. 
(10) For pupils, whether you choose the clothes you are going 
to wear in school. 
(11) Number of colds caught during the winter period. 
(12) For pupils, the number of days absence from primary 
school due to illness during the winter period. 
State of health on the survey day. 
Sex. 
(15) Date of birth (age). 
Height. 
Weight. 
The questionnaires were designed so as 
to provide the necessary 
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information for investigation of the hypotheses. 
Design of Quest: ion*nai: res 
Copies of the questionnaires appear in Appendices 1,2 and 
3, which refer to: English office worker (EOW') Japanese 
office worker (JOW) and Japanese primary school pupil (JSP) 
respectively. Each questionnaire consisted of 6 sections 
and referred to the following variables: 
Section A: Types of clothing ensemble (variable 1) , and for the school pupils' version variable 10 as 
well. 
Section B: Clothing comfort factors (variable 2). 
Section C: Thermal sensations (variable 3). - 
Section D: Personal human variables, i. e. variables 4,5, 
6,7,8 and 9. Variables 8 and 9 were not 
included in the English version. 
Section E: Number of colds caught during the winter period 
(variable 11) and state of health (variable 13), 
in addition, number of days-absence from school 
(variable 12) in the school pupils' version. 
Section F: Physiological human variables, i. e. sex (14), 
age (15) and body build (16 and 17). 
The questionnaires were basically similarr but there were 
slight variations depending on living habits and clothing 
differences. 
In Section A, the clothing check list was designed to 
obtain information on the clothing ensemble worn in order to 
estimate the thermal insulating values. In the check list, 
thickness levels -of individual items were examined, but the 
types of textile fibre from which the clothing was made were 
not, for the following_ reasons. 
It is well accepted that the thermal 
insulating value of a 
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given textile depends largely on the thickness and porosity 
(Meredith and Hearle, 1959) and that the type of textile 
fibre does not seem to be of great significance (Rees, 1971). 
From this aspect, more attention was paid to the thickness 
of the garment to simplify the procedure. The second reason 
was that determining only the thickness levels seemed to 
give sufficient information relating to estimations of the 
clo values as employed in this study (see the following 
section) . 
The types of clothing most commonly worn by the subjects 0 
were listed based on pre-surveys and our previous work 
(Irving et al., 1981). $ome modifications were therefore 
made to the Japanese version because of different customs, 
particularly in underwear worn (Irving et al., 1981). 
The most important thing to be defined in Section B was 
what factors should be listed to determine the behaviour on 
clothing comfort. Pre-surveys using the free answer system 
were conducted to find out what factors contribute to the 
comfort of the wearer in the broad sense, relating to the 
multiple purposes of clothing and not only thermal comfort. 
A total of more than 700 Japanese people: primary school 
pupils, students and office workers, acted as respondents 
to the pre-surveys which were made several times during the 
period from November, 1980 to February, 1981. 
on the basis of the data, as well as those from previous 
works, (Okukubo., 1980 'and Irving et al., unpublished data) 
the following clothing comfort factors were established for 
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Japanese of f ice workers. QF1 : Smartness QF2 : CQlour 
and design, QF3 : Keeps you cool, QF4 : Adequate warmthr 
QF5 : Ease of movement, QF6 : Comfortable fity QF7 : No 
skin irritation, QF8 : Does not show the dirt, QF9 : Not 
particularly concerned about clothes becoming soiled, 
QF10 : Suitable for today's weather, QFll : Suitable for 
this season, QF12 : Suitable for office, QF13 : Chosen 
to conform with clothes of colleaguesf QF14 : Personal 
preference, QF15 : Current fashion,, QF16 : Need for variety, 
and QF17: Well known make. 
Ip 
questionnaire. 
QF9 was omitted on the English 
For Japanese primary school pupils, 14 factors were taken 
up. QF2, QF14 and QF16 were omitted for the following reasons. 
Pupils belonging to the schools where uniform was worn found 
it impossible to reply to QF2 'Colour and design'. In the 
same way, QF14 'Personal preference' and QF16 'Need for 
variety' were both recognised as being unsuitable for these 
children. A pre-survey demonstrated that the remaining 14 
factors were suitable to respond to even in the case of the 
guniform' schools. 
It can be seen that the comfort factors listed in $ection B 
satisfy the definition of clothing comfort in the present 
study (see Chapter Two) on the point that not only 
hygienic 
factors, but also psycho-sociological. onesr were included. 
In order to measure degree of importance 
for each factor 
listed, the following questions were designed. 
9 
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'There are a number of items which may be concerned with 
the comfort of clothing. How important do you consider the 
following to be when choosing the clothes you wear? Please 
answer these questions for the clothes you are wearing today. ' 
Degree of importance: 1: Very important, 2; Quite important, 
3: Fairly important, 4: Neither important nor unimportant, 
5: Not very important and 6: Not at all important. 
The reason for degree of importance being ascertained for 
each of the items listed was that the data should be analysed 
0 
by means of Principal-component analysis (Nie et al., 1975, 
p. 468 - 514). The theory of this analysis will be explained 
in a later section. To mention the theory briefly at this 
stage, this factor analysis enables us to extract the main 
components for identifying the dimensions underlying the 
concept of clothing comfort. In other words, we can investigate 
these variables, together with the other variables, reducing 
the large number of factors taken up to a smaller set of 
comfort components. 
From this aspect, the design of the questionnaire in Section 
B will be appreciated when compared with that of our previous 
works (Okukubo, 1980 and Irving et al., unpublished data) in 
a systematic approach to clothing comfort factors. 
ASHRAE scale was used for measurements of thermal sensations 
because this scale is one of the 2 most widely used. The 
other is the Bedford scale. Both are 7-point scales ranging 
symmetrically around a neutral or comfortable category. 
The Bedford scale, however, has been criticised because of 
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a combined estimation of comfort and warmth on the point 
that the relationship between warmth and comfort is not 
necessarily consistent. Thus, the ASHRAE scale was 
interpreted as being the most suitable: 1: Cold, 2: Cool, 
3: Slightly cool, 4: Neutral, 5: Slightly warm, 
6: Warm, and 7: Hot. 
With respect to one's wearing attitudes in Section D, the 
following 3 questions were designed: 
D-1: Have you ever heard that wearing fewer clothes is 
more healthy? 
0 
D-2: If Yes to D-1,, Where did you hear it.; ' 
For the school pupils, 'Who advised you to wear 
light clothing in order to promote good health? ' 
D-3: If Yes to D-1, 'Do you do anything about it? ' 
To question D-3, the number of categories to be voted were 
5 for the Japanese group, but only 3 for the English. This 
is interpreted as being one of the differences between the 
2 nations. Japanese people seem to have more interest in 
the wearing attitudes compared with English people. 
The 3 categories for the English office workers: 
Cl. Yes, I wear less clothing 
C2. NoF I have not changed my clothing habits 
c3. Don't know. 
The 5 categories for the Japanese office workers and school 
pupils: 
Cl. I intend to wear less clothing as it seems from 
experience to b_e healthier. 
C2. I wish to wear less clothing 
C3. I don't particularly wish to wear less clothing. 
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C4. I intend to wear more clothing as it seens to be healthier. 
C5. I don't know. 
To the question 'How often do you take- part in sport/jogging? I 
the following 4 categories were designed for English and 
Japanese office workers: 
Cl. Regularly 
C2. Sometimes 
C3. Seldom 
C4. Never 
0 
The school pupils were asked 'How often do you take part 
in physical training after school hours? ' categorised by 
Cl. Regularly 
C2. Sometimes 
C3. Never. 
This was altered so that sporting activities, as part of the 
school routine were not included. 
A question 'How many hours do you warm yourself using a 
footwarmer on Sunday at home? ' was designed for Japanese 
office workers. 'Sunday' referred to the last Sunday prior to 
the day of the survey when the subjects were at home. The 
data, classified in 2 categories, were applied for the analysis. 
The question 'How often do you warm yourself using a foot- 
warmer for long periods (more than 1 hour)? ' was directed at 
the school pupils in the aim. of simplifying the wording for 
ease of understanding. - 2 categories were used: 
Cl. Seldom 
C2. Quite often. 
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With respect to the number of colds caught and number of 
days absence from school due to illness, the winter period 
was defined as 3 months from lst November. For the English 
qroup this meant from lst November, 1983 to 31st January, 
1984, while for the Japanese group from lst November, 1981 
to 31st January, 1982. 
Heights and weights of the subjects were examined in order 
to calculate Rohrer index and body surface area. The former 
index was used for all subjects, the latter for pupils only. 
0 
Rohrer Index and Body Surface Area 
As a criterion of body build, Rohrer index was measured for 
all subjects using the following equation (Minowa, 1982). 
Rohrer index = (W/H 
3)X 10 7 
where W= weight (Kg) 
and H= height (cm) 
Other various types of index to indicate build have been 
developed (Kawabata et al., 1967, p. 278 and Minowa, 1982). 
For instance, 
Caup index = W/H 
2 
3 -- Ponderal index = H/y W 
Vervaeck index = (W + Cg) /H 
where weight 
height 
and Cg = girth of the chest. 
Fanger (1972, p. 87 - 89), in his investigation, divided 
sub3ects into fat and thin groups by means of Ponderal 
index. 
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According to the works of Minowa (1975,1977 and 1982) on 
Japanese subjects, however, it has been revealed that Rohrer 
index is the most effective one, irrespective of age and 
sex. It is therefore interpreted that Rohrer index is the 
most widely used in Japan. 
In our previous work (Irving et al., 1981), on the other 
hand, skin fold thickness of the upper arm was actually 
measured using the Holtain skin fold caliper. Such direct 
measurement was difficult to do for the large number of 
subjects involved in this study. Thus, body build of the 
subject was expressed in terms of Rohrer index. 
0 
Body surface areas of school pupils were measured to express 
their clothing weights in terms of grams per body surface 
are a (m 
2). 
It was calculated using Fujimoto's equation (1968) 
derived from the data of Japanese people, as this equation is 
commonly used for such a purpose (e,. g. Research Group on 
Clothing Construction, 1982). The body surface area was 
calculated as: 
S=0.008833 xW0.444 xH0.663 
where S= body surface area (m 
W= weight (Kg) 
and H= height (cm) 
Procedure of Survey Questionnaire 
The actual values were ascertained at approximately 3.00 p. m. 
for English subjects and at around 2.30 p. m. for Japanese 
ones. 
office workers were requested to vote their thermal sensations 
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and also to complete a clothing check list after 1 hour of 
working in their offices. Primary school pupils were asked 
to do the same after 5 hours of taking lessons in their 
classrooms. Timetables varied somewhat between the 10 
primary schools surveyed, but the end of the fifth hour was 
judged to be around 2.30 p. m. A lesson lasted 45 minutes 
in each school. 
During the time of the survey the subject was instructed not 
to eat any food, although adjustments to the heating were 
allowed, and clothing levels could be adjusted. In addition, 
office workers were asked to sit at their desk working 
normally. Smoking was allowed, but it was requested to keep 
this to a minimum. 
With a view to eliminating the variance of data which may be 
induced from circadian variations of the human body, as well 
as daily variations in the thermal environment, the course 
of the survey was restricted to the mid-afternoon. Likewise, 
the survey was made within a 3-week period. 
The survey in Guildford was conducted during the period from 
30th January - 17th February, 1984. 
The external temperatures in Guildford during the survey 
period were as follows: 
(1) the mean minimum temperature was 1.6 
0c 
(2) the mean maximum temperature was 7.8 
0C (Mullen., 1984)-. 
The survey in Osaka was carried out during the period from 
20th - 31st October, 1981 and 20th - 31st January, 19,82. 
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The external temperatures in Osaka during the survey periods 
were as follows: 
In the autumn: 
(1) the mean minimum temperature was 14.70C 
(2) the mean maximum temperature was 20.40C. 
In the winter: 
(1) the mean minimum temperature was 1.40C 
(2) the mean maximum temperature was 8.20C 
I 
(Osaka District observatory, 1982). 
In Japan,, it was required that identical subjects participated 
in both surveys in autumn and winter. A total number of 55 
experimenters participated in each survey. There were 3 for 
N 
each of the 10 schools and 3 of the larger offices (nos. 001, 
003 and 006), and 2 for each of the other 8 offices. They 
were all volunteers who were employed as either primary school 
teachers or office workers. 
Instructions on how to complete the questionnaire, as well as 
the aims of the investigation, were explained by the 
experimenters. The questionnaires completed by the respondents 
were examined carefully by them before collecting. In 
particular, the number of colds caught as answered by the 
school pupils was confirmed by the volunteers in an interview 
with the children's parents in early February. Likewise, 
the number of days absence from school due to illness during 
the 3 month period from 1-st November, 1981 - 31st January, 
1982 was obtained from the attendance book via the volunteers. 
The height and weight of the school pupils were actually 
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measured on lst December, 1981 by the experimenters. 
Since the winter period was defined as that from lst 
November - 31st January in this study, the number of colds 
caught by the Japanese office workers was again confirmed 
by the experimenters in early February by discovering 
whether the subjects had caught colds during the days after 
the survey was made. 
0 
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3.3 Estimating the Thermal Insulating Value for Clothing 
Ensembles: Worn 
The thermal insulating values for clothing ensembles worn 
by of f ice workers in their of f ices were estimated -by means 
of the published clo values of individual garments and an 
equation predicting the total clo value of the ensemble. 
For this, using a clothing check list, the types of clothing 
actually worn were investigated for each subject during the 
course of the field survey. 
Before collection, the check list, completed by the subject, 
0 
was examined carefully by the experimenter, particularly in 
terms of thickness levels of individual garments. This was 
done according to 3 categories - whether the garment was 
thin, average or thick. We need such information on the 
thickness in order to use precisely the published clo values 
of individual garments. 
Each item on the clothing check list was given a clo value 
based on the published data. Outerwear values were derived 
mainly from those of Nishi et al. (1976) and Nevins et al. 
(1974) , whilst underwear values were 
based on those by 
Hanada et al. (1981 and 1983) in relation to types of under- 
wear that were on the market in Japan. Various types of 
long pants, which were worn by old Japanese subjects in winter, 
did not appear in the clo value tables proposed by ASHRAE, 
and for this reason the universal validity of using those 
values together has been shown in Chapter One. 
The equation for predicting the clo value for a specific 
ensemble from the clo values of indývidual garments used 
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in the present study was that which was proposed by Sprague 
and Munson (1974). We chose this original equation in 
preference to the simplified equation (Nevins et al., 1974). 
The clo values for clothing ensembles worn were therefore 
calculated as: 
For men, Icl = 0.727 Is + 0.113 
For womený, Icl = 0.770 Is + 0.050 
where Icl = total clo value of clothing 
ensemble 
Is sum of clo values of each 
individual garment. 
0 
At this stage, the reason for such a procedure, by means of 
a simple estimation equation being applied, should be 
explained due to the fact that this procedure was not used 
in our previous works (Okukubo, 1980, Irving et al., 1981 
and 1984). This procedure made it easily possible to 
estimate clo values for a variety of clothing ensembles. 
As reviewed in Chapter One, it has been proved that such 
a statistical method had high accuracy as a direct measurement 
(Nishi et al.,, 1976) . 
However, it should be emphasised that the clo values 
estimated in the present study have indicated very similar 
f igures to those of the previous works when comparing those 
of identical types of clothing ensembles. Both the simple 
estimation equation (Sprague and Munson, 1974) and. the clo 
values of individual garments (Nevins et al., 1974 and Nishi 
et al., 1976) were basigally derived from the data of 
Seppanen et al., 
- 
(1972). Our previous works directly 
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depended upon the clo values of clothing ensembles which 
were measured by Seppanen et al. (1972). 
On the other hand, the thermal insulating values for 
clothing ensembles worn by primary school pupils in their 
classrooms were evaluated by means of clothing weights. 
The weight was expressed in terms of grams per body surface 
area in square metres (grams m 
2-1 ). This method was used 
because neither clo values for children's clothing actually 
measured nor the thermal manikin to determine those values 
have been define4. The universal validity of using the 
clothing weight has been reviewed in Chapter One. Each 
item on the clothing check list was given a clothing weight 
based on the data which was actually determined in the 
present study. For this, at least 20 samples for each 
individual garment were directly measured - which belonged 
to fifth and sixth year pupils and were of average size. 
Their samples were collected from 10 primary schools, where 
2 samples for each school were collected. 
The clothing weight was calculated as the mean clothing 
weight divided by the mean body surface area of the 
fifth 
and sixth year pupils by sex. Then the weight was 
2 
represented in terms of grams per body surface area 
(m 
The weight of the clothing ensemble was determined 
to be 
the sum of the weight of each individual garment. 
The types 
of clothing actually worn by the school pupils were 
derived 
from the clothing check lists. 
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3.4 Measuring the Physical Thermal Parameters, in the 'Room 
Air temperature, relative humidity and air velocity were 
directly measured for each room which contained the subjects 
during the course of the survey. 
All of the readings were taken at sitting head height of the 
subjects. The measuring points above floor level were 
approximately 1.0 for the office workers and 0.8 m for the 
primary school pupils. As the measuring site, a central 
position in the office was chosen. In the case of a larger 
office containing, more than 10 subjects 2 positions were 
chosen by halving the room and selecting the centre of each 
half, so that a mean value could be obtained. Since all 
classrooms were of similar size and shape 2 central positions 
were chosen for each classroom. A similar procedure to that 
followed in the offices was applied for selecting the 2 
positions within the room. 
All the instruments, except the sling psychrometer, were 
fixed at the defined measuring points using an arm stand 
and measurements were taken. 
Ambient temperatures were measured by means of a globe 
thermometer in the experiments in Japan. In practice, at 
the beginning of the experiment, the globe thermometer was 
suspended at the measuring point on the 
desk, and readings 
were taken at the same time as the questionnaires were 
completed. The globe thermometer consists of a 
black spherical 
shell in the centre of ýihich is placed a 
thermal sensor which 
will take on the mean temperature of 
the globe. A mercury 
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thermometer was used in the instrument employed in this 
experiment. 
In the experiment in England, ambient temperatures were 
assessed in terms of dry bulb temperature using a sling 
psychrometer or mercury thermometer with a view to increasing 
the efficiency of measurements. 
Validity of the use of dry bulb temperature has been reviewed 
in Chapter One. At this stage, we cite data from our pre- 
experiments which support this view precisely. 
ý .-0 
The locations within an office where differences between 
globe and dry bulb temperatures were observed, were those 
which were very Close to either a gas stove or a window 
facing the outside of the building in cold or cloudy weather. 
In the case of cloudy weather, the globe temperature showed 
a tendency towards high readings, whereas in cold weather a 
lower globe temperature was measured. These observations 
seem to be reasonable, due to the high response to heat 
radiation of the globe thermometer. 
There existed special zones, however, which were those not 
occupied normally when office workers were working. Accordingly, 
the difference between the readings for both temperatures 
seems to be quite small in practice. These values were 
interpreted as being irrelevant from'the aspect of the aims 
of the present study. 
It has been well established that the accuracy of the sling 
psychrometer is as high as that of an Assman psychrometer. 
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The sling psychrometer consists of a dry and wet bulb 
thermometer combination with the mercury in glass bulbs 
mounted side by side on a frame fitted with a handle by 
which the device can be whirled through the air. The 
reading is taken after the psychrometer is rotated at a 
constant speed for a few minutes. This instrument is also 
valuable in that both dry bulb temperature and relative 
humidity can be determined at the same time. 
Relative humidities in the rooms were measured by means of 
a sling psychrometer in the experiment in England, while an 0 
Assman psychrometer was used in Japan. It has been said 
that vapour pressure will normally be the same over the 
whole room, and it therefore seems to be sufficient to 
measure the humidity at only 1 location. Consequently, 
humidity readings were taken at 1 central position within 
the room at head height of the sedentary subjects, regardless 
of the size of the room. 
The Assman psychrometer is an aspirated, dry and wet bulb 
thermometer combination with the mercury in glass bulbs 
protected from thermal radiation by 2 highly polished co- 
axial chromium tubes. A regular flow of air at approximately 
3-4 m/sec is given to the bulbs by means of a clockwork 
fan. Readings were taken 3 minutes after switching on the 
instrument. on the basis of both dry and wet bulb temperatures 
measured, relative humidity was determined by means of the 
chart or table which relates the dry and- wet bulb temperatures 
to humidity. 
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Air velocities in the rooms were measured by means of a 
thermal anemomaster made by Nihon Kagaku Kogyo Co. Ltd., 
(model 24-6121) in both experiments in England and Japan. 
This instrument consists of 2 sensory elements, 1 for 
detection of wind velocity, the other for measurement of 
air temperature. It is composed of a bridge and amplifier 
so that any error in the indication of air velocity due to 
a change in air temperature is compensated for. 
The anemomaster used was a type suitable for measuring the 
small velocities which normally occur in rooms. Measurement 
was taken over a period of 5 minutes to obtain a reasonable 
mean value. 
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3.5 Measurement of 'Skin TeMperatUre 
Temperatures of the body surface of sedentary subjects were 
measured with the following 2 purposes: 
1. to obtain a mean skin temperature and use this value as 
a criterion of thermoregulatory functions in relation to 
physiological comfort conditions under a relatively 
temperate thermal environment. 
2. to investigate temperature distributions of the body 
surface relating to local thermal sensations. 
For this, the Hardy-DuBois 7-point weighting system (Hardy and 
0 DuBois, 1938 and Mitchell and Wyndham, 1969) was applied for 
this study, although some modifications of that original were 
made as a result of a field study. As reviewed in Chapter One 
this simplified method has been interpreted as the most 
widely used one so that this eases comparison of the results 
with those from other workers. 
The reason for Ramanathan's 4-point system (1964) not being 
used, despite the fact that Mitchell and Wyndham (1969) have 
recommended the use of it in field studies, was that the 
7-point system, rather than a 4-point one, would offer more 
data for our second aim. 
The skin temperature (Tsk) was calculated as: 
Tsk = 0.07(A) + 0.07(F) + 0.12(1) + 0.35(M + 
N)/2 
+ 0.19 (T) + 0.13 M+0.07 (Z) 
where the letter indicates temperature at a specified 
site on- 
the body surf ace (see Figure 1.1) . The symbols used were: 
A: forehead, F left 'upper arm, I: left 
forearm,. M 
left upper chest, N: left scapula, 
T: left medial thigh, 
W left shin and Z: left instep respectively. 
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In the Hardy-DuBois 7-point system, the mean value is 
calculated as: 
Tsk = 0.07(A) + 0.14(H) + 0.05(L) + 0.35(P) 
+ 0.19(T) + 0.13(W) + 0.07(Z) 
where H: left forearm, L: back of left hand and P: 
left abdomen, as in Figure 
Certain discrepancies are noted. Hardy and DuBois proposed 
using the abdomen; the chest and back were substituted 
in this experiment because a female office worker acted as 
the subject in her office. In addition, they proposed 
using the hand and forearm. In this case, the forearm and 
0 
upper arm were substituted because hand measurements 
disturbed the normal working of the subject. 
Accordingly, the sum (0.12) of the weighting coefficients of 
the forearms (0.07) and hands (0.05) was given to the 
forearms only. Such a technique followed the weighting 
systems of Olesen et al. (1972) and Gagge et al. (1973) in 
their modified versions. For the measuring site on the 
forearms, a point closer to the hand than that of Hardy and 
DuBois Was chosen in our case, i. e. site 'I' and not 
'HI 
in Figure 1-1- 
The slýin temperatures were measured for each subject 
by 
means of a thermistor. - It was stuck on each of 
the 8 measuring 
points of the body surface using ventilated surgical 
tape. 
The 8 parts were as previously mentioned, i. e. 
forehead (PI) , 
back (P2) , chest 
(P3) , upper arms 
(N) F forearms 
(P5) , 
thighs (P6) , legs 
(P7) and feet (P8). A high sensitivity 
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thermometer made by Iio Electric Co. Ltd. (model EM-166-6) 
was used for this determination. 
In an attempt to confirm data of skin temperatures thermal 
sensations not only for the whole body but also local thermal- 
sensations were determined by using the ASHRAE scale at the 
same 8 sites as those of measuring the temperature of the 
body surface. 
In addition, the oral temperature for each subject was 
measured as an index of core temperatures of the body. A 
clinical mercury thermometer was used for this determination. 
0 
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3.6 Statistical Analysis 
The data obained were statistically analysed using a computer 
where FORTRAN (Formula Translation) was applied for the 
programming. 
Quantification Theory 
Quantification theory (Hayashi, 1952 and 1961, and Miyake 
et al. , 1977, P. 166-193), a type of multidimensiona"1* 
variable analysis, gives a weighted numerical value to each 
factor which influences the outside criteria. The mathematical 
relationship is. qijite complex and it would serve little 
purpose to reproduce it here: a computer program for its 
application is included in a Japanese Statistical Package 
for the Social Sciences. Consequently, this enables non- 
numerical variables such as sex, to be represented in the 
analysis, together with such numerical variables as ambient 
temperature and Rohrer index of the subject. 
In this method an estimated weighted value for a parameter 
(category) indicates the magnitude by which it influences an 
'outside variable', while adjusting for the effects of the 
other factors. For instance, a positive value indicates 
an increased influence, whilst the reverse is true 
for a 
negative value. 
The strength of the influence of a factor on 
the outside 
variable is provided by the partial correlation coefficient 
calculated between the outside variable and 
the weighted 
values f or each categoryý. The partial correlation 
provides 
us with a single measure of association 
describing the 
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relationship between two variables while adjusting for the 
effects of one or more additional variables. 
Moreover, the extent to which the outside variable is 
affected by the factors concerned is provided by the multiple 
correlation coefficient. This is computed between the 
directly measured and the: estimated values. The latter value 
is obtained by adding the sum of the weighted values for 
all-the factors concerned in each category to the mean value 
obtained for the outside variable from the total sample. 
According to our"previous works (Okukubo, 1980 and Irving 
et al., 1984) , it has been demonstrated that this quantification 
theory is a more useful statistical tool than those such 
as bivariate correlation analysis and Student's t-test in 
determinations of the effects of variables upon comfort 
conditions. A change in one variable which affects thermal 
comfort can often be compensated for by changes in another 
to achieve a balanced situation. 
In the present study, thereforer the effects of both primary 
and secondary factors upon clothing levels to create comfort 
conditions were analysed by means of quantification theory, 
type I. 
The quantification theory, type II, was used to 
find out 
the factors which affected whether or not light clothing 
would be worn. The reason for different types of quantification 
analysis being used was dependant on whether or not 
the 
outside criteria were numerical. Type 
I is used for 
numerical variables, while type II 
for qualitative ones. 
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Data measured for each subject were analysed by computer 
using the Statistical Package for the Social Sciences 
(Miyake et al., 1977, p. 166-193) from which the weighted 
value for each category, partial correlation coefficient 
and multiple correlation coefficient were calculated. 
Principal Component Analys'is 
Principal component analysis (Nie et al. , 1975, p. 468-514, 
and Miyake et al., 1977, p. 129-155) a type of factor analysis, 
is a straightforward method of transforming a given set of 
variables into a. new set of principal components that are 
uncorrelated with each other. This statistical analysis 
enables us to see whether some underlying pattern of 
relationships exists. 
A set of variables in samples were analysed by computer 
using the Statistical Package for the Social Sciences 
(Miyake et al., 1977, p. 129-155) from which the factor 
loading matrix by varimax rotation and factor score 
I 
coefficient for each item on the extracted components were 
calculated. 
The components are extracted by interpreting the factors 
which are correlated to each other based on the factor 
loading matrix. The factor scores for each subject on the 
extracted components are then estimated based on the score 
coefficients as follows : 
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FS if -E (S ij xC fj) 
where FS if factor score for the extracted factor f of 
subject i 
SIJ standardised score value voted for the item 
i by subject i 
C fj factor score coefficient for the item j listed 
under the extracted factor f. 
In the present study, clothing comfort factors were extracted 
by means of the principal component analysis. In order to 
investigate the degree of importance attached to each of the 
extracted factors by the subjects, the factor scores were 
calculated. The significance of the equation to estimate 
the factor scores will be described in more detail in Chapter 
SIX. 
Determining Distribution of Measurements 
The sample standard deviation (SD) was used as a measure of 
distribution of the population, being calculated as 
2 
SD Z (xi - X) 
n-l 
where n sample size 
each of the measurements 
sample mean. 
In order to compare the amount of variation in popula tions 
having different means, the coefficient of variation (CV) 
was applied, which is the standard deviation expressed as 
a percentage of the mean (Sokal and Rohlf, 1969, p. 
62-63) 
Its formula is: 
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CV = 
ýjD 
x loo 
x 
where sample mean 
SD = sample standard deviation. 
The coefficient of variation was calculated in the case of 
a comparison of fluctuations between variables having 
different units such as clothing value and ambient 
temperature or between clothing levels of adults and children. 
This was necessary because the clothing worn by of f ice 
workers was expressed in terms of the clo value . but that 
for school pupils by clothing weight (g/m2). 
Confidence limits of 95% were calculated to facilitate the 
understanding of the amount of variation in the population 
(Sokal and Rohlf, 1969, p. 145 - 150 and 420 - 428). The 
lower limit (LL) and upper limit (UL) were obtained using 
the following equations: 
fn + 
LL =x- SD xx t((x= 0.05) n 
n+ 
UL x+ SD xnxt( cc= 0 . 05) 
where n= sample size 
x sample mean 
SD = sample standard deviation 
t( oc = 0.05) = t-value possessing n-l 
degree of freedom at 
the significance level of 5% 
1 
the lower and. upper limits correspond to the minimum and 
maximum values respectively in the range which includes 95% 
of the population. 
The reduction ratio of the 95% confidence limits was 
calculated in the case of investigation of the individual 
differences of clothing worn with reference to the standardised 
clothing value (SCV) and the clothing level adjusted for 
ambient temperature (CAT) . We can consider this -reduction 
ratio as a criterion having higher accuracy than the 
coefficient of variation to assess the amount of variation. 0 
The reduction ratio was determined as a percentage of the 
ranges of the SCV (or CAT) to the actual clothing level in 
95% confidence limits. 
Reduction ratio 
DAD SCV 
x 100 DA 
where DA difference between upper and lower limits of 95% 
confidence limits in the actual clothing level 
D difference between upper and lower limits of 95% SCv 
confidence limits in the SCV. 
Student's T-test 
In order to test the difference between 2 sample means, Student's 
t-test (Sokal and Rohlf, 1969, p. 367 - 403 and Nie et al., 
1975, p. 267 - 275) was used based on the assumption 
that the 
populations sampled possess a normal probability 
distribution. 
The hypothesis to be tested is the null hypothesis that the 
means of 2 populations f rom which samples were 
drawn are equal.. 
Assuming that the variability of the measurements 
in the 2 
populations is the same, t-value 
(t) is calculated as: 
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x 
2 
n 2 
f. 
n' 1, oý 
, 
n 
{ (n 1) SD 2+ (n SD 2 
where S=2 
jn+n22 
X,? x sample means ,-1 -2 
SD,,, SD 2= sample standard deviations 
0 
nl, n2 sample sizes. 
The computedVis compared with the critical t-value 
possessing n1+n2-2 degree of freedom at the significance 
levels of 5% (t(m = 0.05) ) and 1% (t(m = 0.01) ). If the 
obtained t>t (a = 0.05), we conclude that the 2 sample 
means are significantly different at the 5% level, and 
will be represented in terms of p< 0.05, 
It was proved that the data on variables to be taken up 
for Student's t-test in the present study all had normal 
distributions as well as equality in the variability of 
the two samples specified. These variables were clo value 
for the clothing worn, factor score on clothing comfort 
factor, ambient temperature, skin temperature, thermal 
sensation value, and so forth. 
Chi-square test 
In order to test the differences among the rates of 
occurrence observed in the samples,, chi-square test (Sokal 
and Rohlf, 1969, p. 549-620, and Nie et al., 1975, 
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p. 218 - 248) was employed. The hypothesis to be tested 
is the null hypothesis that each cell probability equals 
the product of its respective column and row probabilities. 
The chi-square va lue (X 
2) is calculated based on both the 
observed and expected frequencies using the following 
ormula 
f1-fi)2 
20e 
X 
f 
e 
where fi observed frequency in each cell 0 
1P 
f' expected frequency in each cell e 
The fl is calculated as e C. r. 
f 
en 
where C column frequency (marginal) 
r1= row frequency (marginal) 
n= total number of samples. 
The chi-square test was first done for c-r-Qss tabulation of 
the Cxr table, and the test was then performed for the 
2x2 table to detect which cell has a different proportion 
if the null hypothesis was rejected by cxr test. In this 
case we used Yates' correction for continuity, which adjusts 
the observed frequencies by adding or subtracting 0.5 in 
such a way as to reduce each If 
1-f 11. 
0e 
2 
The computed X is compared with the critical value of chi- 
square possessing (C - 1) (r - 1) degree of freedom, where 
C is the number of columns and r the number of rows at the 
22 
significance levels of 5% (X (cc = 0.05) and 1% 
(X (cc = 0.01) 
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If the obtained X2 >X(a=0.05) , we conclude that the 
difference between the rates is significant at the 5% level 
and can be represented in terms of p< 0.05. 
Finding the Linear Regression'Equation 
The linear regression line is given by the formula 
a+ bx 
where y= dependent variable 
x= independent variable 
The values of 'b' and 'a' are calculated as (Sokal and Rohlf, 
1969, p. 404 - 493): 
0 
Z (X i- 
ax 
where xi, yi = each of the measurements 
X, y sample means. 
In order to estimate the standardised clothing value (SCV) 
and the clothing level adjusted for ambient temperature 
(CAT) , the linear regression equations were calculated 
in 
the present study. 
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CHAPTER FOUR 
An Attempt at Estimating the 'Standardised' Clothing Value 
(SCV) Taking 'the Effects' of Ambient Temperature 'and Main 
Physio_ýogical Human Varfables into Account by Means of the 
Quantif icatloh T 
4.1 Introduction 
Many variables are concerned with the comfort conditions 
for individuals. A change in one variable can often be 
compensated for by changes in another to maintain a balanced 
situation. 
In the present study an attempt is made to define a standard 
level of clothing which maintains comfort conditions and which 
takes into account all the primary factors which affect the 
amount of clothing worn. The reasons why we need to estimate 
the standardised clothing value are that 
(1) the effects of personal human variables upon clothing 
worn should be investigated in terms of clothing value 
adjusted for the primary factors; 
(2) the relationship between clothing worn and the number of 
colds caught should be investigated in terms of clothing 
value adjusted for the primary factors. 
Such a standardised index of clothing has not previously 
been put into practice. By contrast, a standardised mortality, 
adjusted to the age of people, is commonly used and there 
are obviously other examples. 
At this stage, the ambient temperature and main physiological 
human variables are defined as primary factors which affect 
the clothing worn to create comfort. It is possible 
for 
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individuals to modify other personal human variables, e. g. 
living habits, wearing attitudes etc. which are defined as 
secondary factors. 
Consequently a method of estimating clothing levels which 
take into account the effects of main physiological human 
variables besides ambient temperature was developed applying 
the quantification theory (Hayashi, 1952 and 1961, and Miyake 
et al., 1977, p., 166-179). The reason for the statistical 
technique being used in this case is that the sex variable, 
which is non-numerical, was included within the-physiological 
0 
human variables investigated. 
Because there is no literature on such an estimation of 
clothing levels, we will be able to recognise this method 
as the author's original. 
We express provisionally the clothing levels that are to be 
used with a single measure in terms of the Istandardised 
clothing value'r then abbreviate it to the 'SCV'. 
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4.2 Variables to Be Taken into: Account in 'theý "$CVI and 
the Effe, cts, of Those Variables on Clothing LeVe'15 to 
Creabe The'rmal Comfort 
Variables to Be Taken into Account 'in the ISM 
Activity level (metabolic heat production) , sex, age and 
skin fold thickness of the subjects will be used as being 
representative of the main physiological human variables 
which should be considered in the case of standardising 
the clothing levels. 
All subjects were restricted to sedentary activities during 
the course of the survey so that in this particular study 
0 
activity level cannot be considered as a variable. It will 
therefore be assigned the value of unity. 
There exists a popular opinion that obese people prefer a 
cooler environment than those of slimmer build. As a result 
of this reasoning it could be suggested that obese people will 
be able to maintain comfort conditions with a lower clothing 
level than those of slimmer build. However, there is no 
literature to support this except for our previous works 
(Okukubo,, 1971 and 1971b . and Irving et al. , 
1984) . 
Fanger (1972, p. 87-89) removes the effect of build on 
respondents' thermal voting by dividing them 
into Fat and Thin 
groups. The work of Wyon et al. (1968) supports 
that of 
Fanger. 
However, it was proved that the skin fold thickness of students 
has an influence on the preferred ambient 
temperature as well 
as clothing levels. This was proved 
by means of the 
quantification theory, despite 
the difference being determined 
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to be not significant in the correlation analysis (Okukubo, 
1971, and Irving et al., 1984). 
One explanation for the inconsistency -in results reported 
by different workers could be attributed to the different 
statistical techniques which were applied for the analysis. 
We can interpret the quantification theory as a more powerful 
tool than a bivariate correlation analysis for analysing 
the actual relationship between the various factors. The 
build of an individual can therefore be seen to be one of 
the physiologjcaý human variables which affect the clothing 
worn. 
With reference to variables on sex and age, the inf luences 
of those variables upon preferred ambient temperature or 
clothing levels have been the subject of many studies as 
first mentioned in Chapter One. 
Some observations in recent years have indicated that females 
prefer a higher temperature (Nevins et al. , 1966 and Fishman 
and Pimberto, 1978) , some that males prefer a higher temperature 
(Akutsu et al., 1964, and Kobayashi et al., 1972) and some 
showed no dif f erence (Fanger, 19 72, p. 75-87, Ogawa et al. 
1975, Minamino et al. , 1978 and Irving et al.., 
1984). In 
the same way, some reported that the clothing weights worn 
by female students were lower than those for males when they 
were in their homes (Ohno, 1983). Some females need to wear 
clothing with a higher clo value (Ogawa et al. , 
1981) and 
some showed no differehce (Fishman and Pimbert, 
1978, and 
Irving et al., 1984). Fanger (1972, p. 75-87) and 
Kobayashi 
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et al. (1972) reported that there was no difference in comfort 
temperature between different age groups, while according to 
Toda et al. (1982) , clothing weights increased with age in 
all seasons. 
Again, one of the explanations for such different patterns 
being observed could be due to the differences in experimental 
methods and statistical techniques applied to investigate 
these factors. 
Accordingly the 
(1) ambient tel 
classrooms 
(2) sex of the 
following 4 variables were taken up: 
0 mperature actually measured in the offices/ 
where the subjects were working (Tl) 
subject (Hl) 
(3) age of the subject (H2) 
(4) Rohrer index of the subject (H3). 
The age variable was applied in the case of the office 
workers only. The build of the subject was determined by 
Rohrer index (Minowa, 1982). 
Ef fects of Ambient T(2ýmperatUre and Physiological Human 
Variable: s on Clothing Levels toý Create Thermal Comfort 
The sample used in this investigation was restricted to the 
subjects who were in good health and felt comfortable in their 
offices or classrooms in the winter survey. The aim of this 
data analysis was to determine the effects of variables which 
affect the comfort range in relation to estimating standardised 
clothing levels. Therefore it was felt any factors which 
could. confuse the issue or make the judgement of the subjects 
less reliable, should be eliminated. Each subject must have 
voted slightly cool, neutral or slightly warm on the ASHPAE 
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scale to be included. 
The sample sizes were 243 Japanese office workers (and 408 
Japanese primary school pupils. The anthropometric data 
of the subjects appear in Chapter Five (see Tables 5.11 
and 5.12) . 
The effects of the 4 variables for the office workers and 
the 3 variables for the primary school pupils were investigated 
separately by means of the quantification theory, type 
In both analyses the outside variable was the actual clothing 
level measured in the winter survey. 
The results appear in Tables 4.1 and 4.2 which show the 
frequency of subjects belonging to each category for each 
item, the weighted value estimated for each categoryt the 
partial correlation coefficient and the multiple correlation 
coefficient. 
For the office worker the multiple correlation coefficient was 
0.65 (df = 4,238, p<o. ol) , which sugqests some relationship 
between the variables under consideration. Significant 
partial correlations support this, where 3 variables; age, 
ambient temperature and Rohrer index were determined 
to be 
significant at the 1% level (df = 239). The 
largest 
coefficient was calculated to be 0.57 
for the age variable. 
This value was followed by ambient temperature 
(0.43) and 
Rohrer index (0.25). 
No significant relatiorfship was 
found for sex difference. 
Attention should be paid therefore 
-to the evidence that age 
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difference of subjects has a greater influence upon the 
clothing levels than does ambient temperature. 
The influence of the variables on the clo value is 
investigated based on the weighted value estimated for each 
category within each item. As would be expected, the results 
show that as the age of the subject decreases, the ambient 
temperature and the Rohrer index increase., whilst the clo 
value required for comfort when the other factors have been 
kept constant is lowered. These findings are considered to 
show reasonable patterns. No difference was observed between 
the clo values of the male and female subjects. 
The results of ambient temperature, build and sex obtained 
in this study support those derived from the sample of 
students in our previous work (Irving et al., 1984). 
Moreover, it was revealed that the clo values corresponding 
to ambient temperatures observed among Japanese office 
workers in their twenties in the present study are not 
essentially different from those among Japanese students in 
the previous study (Irving et al., 1984). 
Among the school pupils the multiple correlation coefficient 
was determined to be 0.36 (df = 3,404, p<0.01) -, which 
is 
, 
much smaller than that among the office workers 
in the same 
type of analysis. One explanation for this could 
be 
attributed to the decrease _in 
factor items from 4 to 3. 
According to the partial correlation coefficients obtained, 
it was f ound that ambient temperature and 
Rohrer index were 
significantly related to 
the clothing weights. The values 
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were calculated as 0.35 (df = 405, p<0.01) for the ambient 
temperature and 0.14 (df = 405,, p <O. ol) for Rohrer index. 
Namely, the results show that as ambient temperature and 
Rohrer index increase, clothing weight worn to maintain 
comfort conditions decreases. No significant difference was 
found between the clothing weights of boy and girl pupils. 
The -findings for the 3 variables for school pupils supported 
those for the office workers. 
Incidentally, in the case of detection by means of Student's 
t-test, no significant differences in the Rohrer index were 
observed in either sample of office workers or school pupils. 
This behaviour was also similar to that shown in our previous 
work (Irving et al. , 1984) 
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4.3 Method of Estimatin theý " Standaýrdlsed Clothing Value I 
Applying the . Quantification Theory 
This method of estimation relies upon the logic of the 
quantification theory, type-I. so the standardised clothing 
value can be estimated using the following equation 
SCV Actual clothing level -E WA.. 13 
where SCV = standardised clothing value 
and WA, j = modified weighted value for category j listed to which a given subject belongs 
under variable i. 
The variables concerned are interpreted as being those which 
0 
have a significant relationship with the actual clothing 
levels. The variables were ambient temperature measured in 
the offices (Tl), age (H2) and Rohrer index (H3) for the 
office workers; ambient temperature in the classrooms (Tl) 
and Rohrer index (H3) for the school pupils (see Tables 4.1 
and 4.2) . 
The SCV is represented by a 'clol unit for the clothing worn 
by the office worker and 'grams (m2-1) , for the clothing worn 
by the school pupil. 
Before an explanation of how to calculate the modified 
weighted value in practice, the meaning of the original 
weighted value estimated for each category for each item 
should be defined more precisely. 
The weighted value which appears in Tables 4.1. and 4.2 is 
provisionally represented in terms of the 'original weighted 
value' in order to discriminate this from the modified 
weighted value, that is, the original weighted value 
is 
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modified according to a given value to be fixed. 
It is important in the quantýfication theory that the 
original weighted value for each category is estimated so 
as to become zero in the mean of the weighted value. That 
mean value is calculated based on the weighted value and 
number of subjects for each category listed within the item. 
If the SCV is calculated using the original weighted values 
instead of the modified ones, the computed SCV is consequently 
interpreted in terms of each of the relevant variables having 
been adjusted to its own mean. 
0 
Among the office workers (N = 243), the mean values for the 
ambient temperature measured in their offices, age and Rohrer 
index were 20.30C, 35.9 years and 132.1 respectively (see 
Tables 5.11 and 5.13) , while among the school pupils (N = 408) , 
the mean values for the ambient temperature measured in 
their classrooms and Rohrer index were 17.0 0C and 122.6 
respectively (see Tables 5.12 and 5.13). 
Here, the standard values for each of the variables were 
provisionally provided as below: 
For the office workers 
(1) the ambient temperature in the offices is 20 
0C 
(2) the age of the subjects is 30 years, and 
(3) their Rohrer index is 130, 
while, for primary school pupils: 
(1) the ambient temperatur e in the classroom is 18 
0 C, and 
their Rohrer index is 120. 
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Each value is regarded as that approximating the mean for 
each of those variables, except for the ambient temperature 
provided for the school pupils. A slightly higher 
temperature than the mean being applied represents the 
recommended indoor winter temperature (see Introduction). 
To estimate the modified weighted value, first each 
regression equation should be calculated for predicting 
the original weighted values for clothing levels from each 
of the variables concerned. This is done based on the data 
in Tables 4.1 and 4.2. The results appear in Table 4.3. 
Subsequently, the modified weighted values corresponding 
to the standard values provided previously are obtained. 
The results appear in Tables 4.4 and 4.5. 
The method of estimating the modified weighted values is 
described in Figure 4.1. This is an example of predicting 
the weighted value for clothing weight from the ambient 
temperature in the classroom. The graph which shows the 
relationship between the original weighted value for the 
clothing weight and the ambient temperature was plotted 
according to the data given in Table 4.2. The regression line 
in the figure was drawn based on the regression equation in 
Table 4.3. 
From this, the value (on the vertical axis) corresponding 
to the ambient temperature of 18 
0C where the standard value 
becomes zero, is calculated to be -26.9. Thus, the 
modified weighted value for each of the categories listed 
is obtained by subtracting -26.9 g/m 
2 from the original 
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Table 4.3 Regression equation for predicting original 
weighted values for clothing levels from 
ambient temperature, age or Rohrer index- 
For the office worker 
-0.0396 X+0.8124 
where Y= original weighted value for the clo value 
and X= aTrbient tenperature in the office 
0.0109 X-0.3964 
0 
where Y= original weighted value for the clo value 
and X= age 
-0.0031 X+0.4057 
where Y= original weighted value for the clo value 
and X= Rohrer Index 
For the school pupil 
-29.80 X+ 509-60 
where Y= original weighted value for the clothing 
weight 
and X= m1bient tezrperature in the classmn 
-2.00 X+ 243.73 
where Y= original weighted value for the clothing 
weight 
and X= Rohrer Index 
weighted value. In this way the modified weighted value 
for any category listed under the variables could be 
estimated. 
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Table 4.4 Modified weighted value for standard 
values (clo) for clothing worn by the 
Japanese office workers 
Modified 
weighted value 
Factor item Category (clo) 
Ambient Cl 17.9 0C and below 0.129 
ter? erature C2 18.0 - 19. 90C 0.019 
in office C3 20.0 - 21. 90C -0.052 
C4 22.0 - 23. 90C -0.069 
C5 24. boC and over -0.223 
Age C 10 20 - 29 years -0.039 
C2 30 - 39 years 0.032 
C3 40 - 49 years 0.164 
C4 50 - 59 years 0.279 
Rohrer Cl 119 and below 0.053 
Index C2 120 - 129 0.021 
C3 130 - 139 -0.039 
C4 140 - 149 -0.048 
C5 150 and over -0.066 
Standard values are: 200C for ambient 
temperature, 30 years for age and 130 for 
Rohrer Index. 
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Table 4.5 Modified weighted value fQr standard 
values (weight) for clothing worn by 
the Japanese school pupils 
Factor item Category 
'' 
Modified 
weig4ted value 
. 
(gAe) 
.... .. 
Airbient Cl. 13.9 0C and bel% 106.6 
teuperature C2 14.0 - 15.9 C 18.3 
in C3 16.0 - 17.90C -18.0 
classroom C4 18.0 - 19.90 C -88.1 
C5 20. (JOC and. over -138.2 
Ibhrer Index Cl 109 and below 28.1 
C2 110 - 119 9.7 
C3 120 - 129 -5.9 
C4 130 - 139 -29.4 
C5 *140. and over --52.4 
Standard values are: 180C for ardbient 
teniperature and 120 for Rohrer index. 
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Figure 4.1 Variation of clothing with temperature. 
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4.4 An Actual Proof' for Vali'dit . of the' ' I'StAndardi sed 
Clothing Value' 
The validity of the ISCVI was proved in terms of 3 examples 
represented in Tables 4.6,4.7 and 4.8. The data used for 
this investigation were derived from those Japanese office 
workers and primary school pupils who took part in the 
survey in winter (see Chapter Five). 
In example 1 (Table 4.6) , clothing levels of individuals 
belonging to the 2 sub-groups defined by different ambient 
temperatures and Rohrer indices were investigated with 
reference to the school pupils who were in good health and 
felt comfortable in their classrooms. 
The 2 sub-groups were: 
Group A: School pupils having a higher Rohrer index as well 
as maintaining comfort conditions with a higher 
ambient temperature in the classrooms. 
Group B: School pupils having a lower Rohrer index as well 
as maintaining comfort conditions with a lower 
ambient temperature. 
The subjects possessing the conditions for group A or group 
were chosen from the 408 primary school pupils who were 
in good health as well as feeling comfortable (see Table 
5.12) . The sample sizes were 
57 for group A and 64 for 
group 
The mean ambient temperature in classrooms 
for group A was 
determined to be 17.9 0C which is statistically higher than 
that (13.70C) f or group. B (t = 21.89, df 119 "p<0.01) . 
The Rohrer index for the subjects in group A was again 
higher 
than that for group B (t = 14.91, df = 
119, p<0.01) . 
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Table 4 .6 Validity of standardised (Example one) 
clothing value 
Significance of 
difference between 
Sub- two sub-groups 
Group. Mean + S. D. (t-value., df=119) 
Ambient teirperature A 17.9 + 1.0 
in classrooms (C) 21.89** A> B 
B 13.7 + 1.1 
Rohrer index of A 140.5 + 10.3 
pupil 14.91** A> B 
B 116.5 + 7.3 
Actual clothing A 599 + 172 
weight (g/rný) 5.61** A< B 
B 774 + 169 
Standardised A 689 + 173 
clothing 0.38 
ns, A4 B 2 
weight (9/m, B 701 + 167 
The sanple sizes were: 57 for group A and 64 for group B. 
ns p >0.05, p <0.01 
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Table 4.7 Validity of standardised 
(Example two) 
clothing value 
Significance of 
dif ference between 
Sub- two sub-groups 
Group Mean + S. D. (t-value, df--72) 
Ambient tenperature C 22.0 + 0.9 
in office (OC) 8.86** C>D 
D 19.3 + 1.5 
Age of office C 29.5 + 5.5 
worker (years) 6.83** C<D 
D 42.0 + 9.1 
Rohrer index of C 143.7 + 10.0 
office worker 12.03** C >D 
D 120.9 + 6.2 
Actual clo value C 0.82 + 0.13 
for clothing 6.63** C <D 
worn (clo) D 1.11 + 0.22 
Standardised clo C 0.94 + 0.12 
value for clothing 0.21-ns C ýD 
worn (clo) D 0.93 + 0.17 
The sample sizes were: 31 for group C and 43 for group D. 
ns p >0.05, ** p <0.01 
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Table 4.8 Validity of standardised clothing value 
(Example three) 
Significance of 
difference between 
sub- two sub-groups 
group Mean + S. D. (t-value, df=95) 
Ambient tenrrature E 19.6 + 2.2 
n in office C C) s 0.85 EF 
F 19.3 + 1.5 
Age of office E 38.3 + 11.2 
worker (years) 1.78r's EF 
F 42.0 + 9.1 
Rohrer index of E 136.4 + 13.3 
office worker 7.05** E> F 
F 12o. 9 + 6.2 
Actual clo value E 1.11 + 0.21 
for clothing 0.00 ns E=F 
worn (clo) F 1.11 + 0.22 
standardised clo E 1.04 + 0.19 
value for clothing 2.78** E> F 
worn (clo) F 0.93 + 0.17 
Sample sizes: 54 for group E and 43 for group F 
ns P> 0.05, ** p <0.01 
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Consequently, the subjects chosen for the 2 sub-groups can 
be seen as those satisfied with the conditions which should 
be provided for each group. 
The mean value for the actual clothing weight worn by the 
subjects among group A was determined to be 599 g/m 2, which 
is statistically lower than that (774 g/m2) among group B 
(t = 5.61, df 119, p<0.01) However, as would be expected, 
for the SCV no significant difference was found between the 
groups because of the effects of ambient temperature and 
Rohrer index beirýg enclosed in the SCV (t = 0.38, df = 119, 
p> 0.05). The mean values for the SCV were 689 g/m 
2 
among 
group A and 701 g/m 
2 for group B. The findings obtained are 
considered to show a reasonable pattern. 
In example two (Table 4.7), the following 2 sub-groups 
defined by different ambient temperatures, ages and Rohrer indices 
were investigated with reference to the office workers who 
were in good health and felt comfortable in their offices. 
The 2 sub-groups were: 
Group C: Office workers in the younger age group having a 
higher Rohrer index as well as maintaining comfort 
conditions with a higher ambient temperature. 
Group D: Office workers in the older age group having a 
lower Rohrer index as well as maintaining comfort 
conditions with a lower ambient temperature. 
The subjects satisfying those conditions of group C or 
group D respectively were chosen from the 243 office workers 
who were in good health' and felt comfortable (see Table 
5.11). 
The sample sizes were 31 for group C- and 43 
for group D. 
166. 
The mean ambient temperature measured among group C was 
determined to be 22. OOC, which is significantly higher 
than that (19.3 0 C) f or group D (t = 8.8 6, df = 72, p<0.01) .- 
The mean age for group C was 29.5 years, which is 
statistically lower than that (42.0 years) for group 
(t = 6.83, df = 72, p<0.01) . The mean Rohrer indices were 
143.7 for group C and 120.9 for group D. The difference is 
statistically significant (t = 12.03, df = 72, p<0.01) . Thus, 
the subjects chosen for the 2 groups are interpreted as those 
satisfied with the conditions provided for each group. 
0 
The mean clo value for the clothing actually worn by the 
subjects among group C was determined to be 0.82 clo, which 
is statistically lower than that (1.11 clo) among group D 
(t = 6.63, df -= 
72, p<0.01) . However, the mean clo values 
for the SCV were 0.94 clo for group C and 0.93 clo for group 
D, where the difference is not significant (t = 0.21, df = 72, 
p>0.05) . These figures are also considered 
to show a 
reasonable pattern. 
Finally in example three (Table 4.8) difference of clothing 
levels between office workers who voted for heat discomfort 
and those voting for comfort in their offices was proved 
relating to the 2 sub-groups defined by different 
Rohrer 
indices but having no different levels in ambient temperature 
and age. 
The 2 sub-groups were: 
Group E: Office workers approximately 
40 years, having a 
higher Rohrerindex and having voted for warm or 
hot conditions, the temperature being under about 
190C in their offices. 
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Group F: Office workers approximately 40 yearst having a lower Rohrer index and having voted for comfortable 
conditions, the temperature being under about 190C 
in their offices. 
The sample sizes were 54 for group E and 43 for group F. 
The subjects belonging to group E were chosen from the 73 
office workers who were in good health and felt heat 
discomfort, while those of group F were chosen from the 
243 workers who were in good health and felt comfortable in 
their offices. The mean Rohrer index among group E was 
determined to be 136.4, which is statistically higher than 
0 
that (120.9) for group F (t = 7.05, F df = 95, p<0.01) , but 
there are no significant differences between the groups in 
the other 2 variables, i. e. age and ambient temperature. 
The subjects chosen for the 2 groups are therefore considered 
as those satisfied with the conditions provided for each group. 
The mean clo values for the clothing actually worn were 
determined to be 1.11 clo among group E, which was identical 
to the value obtained among group F. However, the mean SCV 
for the clothing worn by the subjects among group E was 
determined to be 1.04 clo, which is statistically higher than 
that (0.93 clo) for group F (t = 2.78, df = 95, p<0.01) . It 
was obvious that individuals belonging to group E voted for 
heat discomfort due to them wearing more clothing in the SCV. 
The results obtained are therefore considered as showing 
reasonable patterns. 
Thus, the validity of the I SCV' was clearly conf irmed by the 
above evidence. 
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CHAPTER FIVE 
Individual Diffe'rences: of Clothing Levels to Maintain 
Comfort Conditions for Japane'se 'Office Workers 
and Primary School_Pails 
5.1 Introduction and Hypotheses 
With the object of understanding profiles on the thermal 
comfort behaviour of subjects taking part in the present 
study, distributions of actual values for the ambient 
temperature, clothing level and thermal sensation value 
were firstly investigated with reference to those determined 
amonq the whole., sample in autumn and winter. 
In other words, the variables are the ambient temperature 
actually measured in the offices where the subjects were 
workinq in the normal way, the clo values for the clothing 
ensembles worn by the office workers there, and the thermal 
sensations voted by them in their offices. In the same 
way, for the primary school pupils, the ambient temperature 
measured in the classrooms where the school pupils were 
taking lessons, the weights for the clothing ensembles 
actually worn by the school pupils there, and the thermal 
sensations voted by them in their classrooms. 
Secondly, the sample was restricted to the subjects who 
were in good health and felt comfortable in the rooms. 
The thermal comfort behaviour of them was investigated 
with special reference to the individual differences of 
clothing worn by the subjects. 
In Chapter One, it is revealed that there are remarkable 
differences in thermal insulations for the clothinq actually 
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worn by individuals (Okukubo, 1971, Irving et al., 1981, 
Research Group on Clothing Construction, 1982 and Ohno, 1983). 
In this chapter, the following hypotheses were investigated 
(Al) Individual differences will exist in clothing levels 
(CAT) adjusted for ambient temperature 
(A2) Individual differences will still exist in standardised 
clothing values (SCV) adjusted for ambient temperature 
and physiological human variables. 
The "CAT', which refers to hypothesis Al, was estimated based 
on the regression line predicting clothing levels from ambient 
0 
temperature, while the ISCVII which refers to hypothesis A21 
was calculated applying the quantification theory that has 
been developed in the present study. 
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5.2 AnthropometriC Data of the Total Sample and Their State of Health 
The total effective sample used for the analyses was 840 
Japanese of f ice workers and 1507 Japanese primary school 
pupils for each season. identical subjects were requested 
to participate in both surveys, which were made at the end 
of October 1981 (autumn) and at the end of January 1982 
(winter) . 
Anthropometric data of the subjects are given by sex, together 
with t-values calculated for the sexes in Tables 5.1 and. 5.2. 
0 
Table 5.1 Total number of subjects and their anthropometric 
data: Japanese office workers 
Number 
Age 
(years) 
Height 
(an) 
Weight 
(kg) 
Rohrer 
Index 
Female 401 34.6 + 11.9 155.8 + 4.9 50.3 + 4.9 133.4 + 15.5 
Male 439 33.6 + 10.8 168.7 + 5.6 62.1 + 8.1 129.7 + 16.6 
Total 840 34.1 + 11.4 162.5 + 8.3 56.5 + 9.0 131.4 + 16.2 
t-value (df--838 1.28 ns 35.36** 25.27** 3.34** 
Mean + S. D. ns p>0.05 p<0.01 
Age distribution for the sample 
20 - 29 30 - 39 40 - 49 50 - 59 Total 
years years years years 
Female (N) 186, 89 48 78 401 
M 46.4 22.2 12.0 19.5 100.0 
Male (N) nI 203 117 63 56 439 
M 46.2 26.7 14.4 12.8 100.0 
Total (N) 389 206 ill 134 840 
M 46.3 24.5 13.2 16.0 100.0 
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The values for age, height and weight listed in the 
tables were determined on Ist December, 1981. 
For the office workers the average age was 34.1 years 
with a standard deviation of 11.4 years, where no significant 
difference was determined between sexes (t = 1.28, df = 838., 
p>0.05) - The mean value for Rohrer index was 131.4 with 
a standard deviation of 16.2, where the female value was 
statistically higher than that for the male (t = 3.34, F- 
df = 838, p< 0.01). 
Table 5.2 Total number of subjects and their anthropometric 
data: Japanese school pupils 
Number Age 
(years) 
Height 
(an) 
Weight 
(kg) 
Rohrer 
Index 
Girl 723 11.3 + 0.6 145.8 + 7.7 38.1 + 7.1 122.1 + 15.5 
Boy 784 11.3 + 0.7 144.0 + 7.7 37.5 + 7.7 124.8 + 16.3 
Thtal 1507 11.3 + 0.7 144.8 + 7.7 37.8 + 7.4 123.5 + 16.0 
t-value (df= 1505) 0.89ns 4.59** 1.54ns 3.22** 
Mean + S. D. ns P> 0.05,, **P< 0.01 
For the school pupils the average age was 11.3 years with 
standard deviation of 0.7 years, where no difference was 
found 
between girls and boys (t = 0.89, df 1505, p>0.05) They 
were all pupils belonging to the fifth or sixth year at 
primary school. The mean value for Rohrer index was 
123.5 
with a standard deviation of 16.0, where that 
for boys was 
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statistically higher than that for girls (t = 3.22, 
df = 1505, p<0.01) . The reverse was true for the adults. 
This could be due to age and physiological differences. 
The state of health of the subjects on the survey days was 
ascertained from their own information. The kesults are 
represented by sex and season in-Tables 5.3 and 5.4. 
The subjects gave multiple responses to the items listed, 
then a percentage of each item was calculated as the rates 
of frequency voted by the subjects to the whole sample. 0 
Here, 'good health' was defined as being in a healthy state 
without even any minor complaints. 
Among the office workers the rate of those who replied 'I 
am in good health' was determined to be 41%, which was equal 
for both seasons. Moreover, in both seasons approximately 
30% of the total voted for 'a slight cold' and the other 30% 
for 'I am short of sleep'. Minor complaints included back 
pain and rheumatism. 
Among the primary school pupils the rate of those who replied 
'I have a slight cold' rose to 45.5% in winter from 36.9% 
p 
in autumn. Consequently 46.4% voted 'good health' in 
autumn but only 38.5% in winter. In both seasons approximately 
21% of the total replied 'I am short of sleep'. 
The reason for the unexpectedly high figure of 30% for those 
reporting 'a slight cold' was that colds were particularly 
common in the winter of 1981-82. 
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Table 5.3 Statement by the Japanese office workers on their 
state of health on the survey day 
Autumn Winter 
Health State (no. ) (%) (no. ) M 
I arn in good health Female 151 37.7 158 39.4 
Male 197 44.9 188 42.8 
Total 348 41.4 346 41.2 
I have a slight cold Female 133 33.2 120 29.9 
Male 114 26.0 133 30.3 
Total 247 29.4 253 30.1 
I aTn short of sleep Female 129 32.2 129 32.2 
Male 132 30.1 120 27.3 
Total 261 31.1 249 29.6 
I feel tired Female 10 2.5 4 1.0 
Male 9 2.1 6 1.4 
Total 19 2.3 10 1.2 
I have a stomach ache Female 0 0 0 0 
Male 1 o. 2 1 0.2 
Total 1 0.1 1 0.1 
I am menstruating at the Female 18 
4.5 12 3. o 
present time 
Male - 
Total 
other minor complaints Female 
2 o. 5 2 0.5 
Male 7 1.6 11 2.5 
Total 9 1.1 13 1.5 
Sample sizes are as in Table 5.1: multiple respmses 
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Table 5.4 Statement by the school pupils on their state 
of health on the survey day 
Health state 
Autumn 
(no. ) M 
Winter 
(no. ) (%) 
M in good health Girl 294 4o. 7 241 33.3 
Boy 405 51.7 339 43.2 
Total 699 46.4 580 38.5 
I have a slight cold Girl 318 44.0 390 53.9 
Boy 238 30.4 295 37.6 
Total 556 36.9 685 45.5 
I arn short of s leeI5 Girl 140 19.4 130 18.0 
Boy 172 21.9 195 24.9 
Total 312 20.7 325 21.6 
I feel tired Girl 6 M 1 0.1 
Boy 5 o. 6 1 0.1 
Total 11 M 2 0.1 
I have a stomach ache Girl 2 o. 3 2 o. 3 
Boy 1 0.1 3 o. 4 
Total 3 0.2 5 o. 3 
I am nienstruating at the Girl 15 2.1 13 1.8 
present tune 
Boy - 
Total 
other minor cc(uplaints Girl 
6 M 5 M 
Boy 6 M 11 1.4 
Total 12 0.8_ 16 1.1 
Sanple sizes are as in Table 5-2: multiple responses 
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5.3 Distributions of Ambient Temperaturej, Clothing Level 
and Thermal Sensation Value Among the Whole Sample 
Ambient Temperatures* Measur'ed' in the Rooms of Subjects 
Mean and distributions of ambient temperatures actually 
measured in the offices or classrooms of the subjects are 
shown by sex, season and type of space heating system used 
in their rooms in Tables 5.5 and 5.6. 
In the offices the mean temperatures were determined to be 
20.4 0C with a standard deviation of 1.70C in autumn, and 
20.3 0C with a standard deviation of 2.1 0C in winter. No 
difference was found between the seasons (t = 1.07, df = 1678, 
p>0.05) For males and. females there was no dif f erence in 
the mean temperature in autumn, but a significant difference 
in winter. Among the offices containing males the mean 
temperature was determined to be 20.50C. which is higher 
than that (20.10C) for those containing- females (t = 2.69, 
df = 838, p< 0.01). 
As would be expected, the mean ambient temperature obtained 
in the offices using a gas stove (18.9 
0 C) was statistically 
lower than that (21.7 0 C) for the centrally heated offices 
(t = 25.33, df = 838, p<0.01) Offices having temperatures 
from 16.0 - 17.9 
0C accounted for some 25.8% of those using 
a gas stove, but no centrally heated room had as low a 
temperature as this. Conversely, the rate of offices having 
temperatures from 22.0 - 25.9 
0C accounted for 55.4% of the 
centrally heated of f ice-s, while none of the of f ices using a 
gas stove was this warm. 
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For the whole sample of classrooms the mean temperatures 
were determined to be 20-20C with a standard deviation of 
0 1.80C in autumn, and 16.6 0C with a standard deviation of 
2.3 0C in winter. The value obtained for winter was 
statistically lower than that for autumn (t, = 47.85,, 
df = 3012 fp<0.01) . In both seasons identical values were 
obtained in rooms occupied by girls and boys. 
In winter the mean temperature among the rooms using a gas 
stove was 17.6 0 C, but in a room with no heating it was 
recorded as only, 13.2 0 C. This figure is surprisingly low, 
and the difference is statistically significant (t = 48.82j, 
df = 1505, p< 0.01). 
Even in the rooms which were heated with a gas stove, a 
lower temperature was measured in the classrooms than in the 
- offices. Thus, the mean temperature obtained among the 
classrooms in winter was much lower than that for the offices, 
the difference being 3.7 0 C. 
The coefficients of variation calculated for the offices were 
8.3% in autumn and 10.3% in winter, those for the classrooms 
were 8.9% in autumn and. 13.9% in winter. In the broad 
sense these variations are not as great as those for the 
clothing levels. This will be discussed in the following 
section. 
Thermal InsulatiOn Values for the Clothing Ensembles Worn 
by Subjects 
Mean and distributions of clothing levels estimated for 
the office workers and primary school pupils are given 
by 
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sex,, season and, type of heating system used in their rooms 
in Tables 5.7 and 5.8. 
Among the office workers the mean clo values for the 
clothinq ensembles actually worn when they worked normally 
in their offices, were determined to be 0.88 clo with a 
standard deviation of 0.19 in autumn and 1.02 clo with a 
standard deviation of 0.22 in winter. The difference was 
statistically significant (t = 13.96, df = 1678, p<0.01) . 
In winter, the mean clo value of 1.06 for the subjects who 
worked in the offices using a gas stove was statistically 
higher than that (0.99 clo) among those in the centrally 
heated of fice (t = 4.98, df = 838, p<0.01) . These figures 
support the findings on ambient temperatures described in Table 
5.5. 
For the clo values of male and female dress ensembles in 
winter, identical values were obtained for the mean. However, 
in autumn, the value for the females was statistically 
lower than that for the males (t = 2.39, df = 838,, p<0.05). 
These results are interpreted as showing reasonable patterns 
due to the fact that the mean ambient temperature measured in 
the of f ices of males was higher than that among the f emales 
offices in winter, but no difference was found between those 
temperatures in autumn. The Rohrer index for the females was 
higher than that for the males. 
Thus the f indings are in agreement with those 
derived f rom- 
our previous work (Irving et al., 
1981) in terms of the 
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relationship of build, clo value and ambient 'temperature 
to maintain balanced situations. A further investigation 
should be performed considering the thermal sensation 
values voted by the subjects and their state of health in 
order to make the behaviour more precise. 
It is interesting to note that in winter people wore 
clothing with greater clo values than in autumn despite the 
same temperatures being recorded in their offices for both 
seasons. 
0 
Among the whole sample of school pupils the mean weights 
for the clothing ensembles actually worn when they were taking 
lessons in their classrooms were 554 gm2 with a standard 
deviation of 162 g/m 
2 in autumn and 732 g/m 
2 
with a standard 
deviation of 182 g/m 
2 in winter. The difference was statistically 
significant (t = 28.36, df = 3012, p< 0.01). 
2 
In winter, the mean clothing weight (794 9/M for the subjects 
taking lessons in classrooms where there was no heating system 
was statistically higher than that (716 g/m 
2) 
among those 
in classrooms using a gas stove (t = 6.99, df = 3012, p<0.01) 
However, the difference of 78 g/m 
2 
obtained for the temperature 
difference of 4.4 0C seems to be low when compared with that 
of 178 g/m 
2 for the difference of 3.6 0C in the seasonal 
variation (see Table 5.6) . This assumption will 
be confirmed 
by the thermal sensations voted by the school pupils. 
For the clothing weig4ts of boys and girls significant 
dif f erences were found in both seasons, where 
those of boys 
183. 
were lower than those among the girls for both seasons: 
the t-values were 8.56 for autumn and 3.74 for winter 
(in both cases df = 3012,, p< 0.01). 
These findings are again in agreement with those which were 
reported in our previous work (Irving et al., 1981) in terms 
of the relationship of build, clothing and ambient temperature 
to create comfort conditions. 
The coefficients of Variation computed for the whole sample 
were: for the office worker 21.6% in autum which equals the 
0 
value in winter, and for the school pupil 29.2% in autumn and 
24.9% in winter. 
From the coefficients obtained it will be noticed that the 
individual differences for the clothing worn by the subjects 
is much greater than that for the ambient temperatures measured 
in their rooms, in particular among the school pupils. 
Thermal sensation values voted by the subjects in their rooms 
Mean and distributions of thermal sensation values voted by 
the office workers and the primary school pupils in their 
rooms are given by sex, season and type of heating sytem used 
in their rooms in Tables 5.9 and 5.10. 
Among of f ice workers f rom the whole sample, the mean values 
for the ASHRAE scale were determined to be 3.5 with a standard 
deviation of 1.3 in autumn and 4.3 with a standard deviation 
of 1.4 in winter. The dif f erence was statistically- signif 
icant 
(t = 12.14, df = 1678, p <0.01). This 
is also confirmed by 
percentage distributions 
for the thermal sensation values 
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given by them. In winterf the rate of subjects who responded 
'warm' or 'hot' was 19.1% of the total, which is significantly 
higher than that in autumn where only 3.3% (X 
2= 102.78, 
df = 1, p< 0.01) responded in this way. The reverse was 
true in the rate for 'cold' or 'cool' i. e. 20.6% obtained in 
autumn is statistically higher than that of 12.7% in winter 
X2= 18.11, df = 1, p <0.01). 
These findings support the facts that a higher clo value 
was determined in winter despite almost the same ambient 
temperatures being recorded in their offices for both 0 
seasons. 
The number of subjects who felt comfortable, i. e. voted for 
'slightly cool', 'neutral' or 'slightly warm', was 639 in 
autumn, which accounted for 76.1% of the total. This figure 
was statistically higher than that obtained in winter which 
was 68.2% (X2= 12.51, df = 1, p<0.01) . 
Attention should be paid to the figures which show that the 
rate of subjects who feel discomfort account for a third of 
the total in winter and for a quarter in autumn. The reasons 
could be mainly due to heat discomfort in the former and due 
to cold discomfort in the latter. 
In both seasons the rate of females who felt cold discomfort 
was higher than those for males, i. e. in autumn it was 26.2% 
2 for female office workers, but only 15.5% for males (X 
14.01, df = 1, p <0.01), in winter it was 16.5% for females,, 
but only 9.3% for males (X 
2=8.93, 
df = 1, p< 0.01). In 
addition, it was observed that most of the females were in 
187. 
their thirties and attached importance to the aesthetic 
attributes of clothing worn. 
Ambng school pupils from the whole sample the mean thermal 
sensation values were determined to be 4.2 in both seasons. 
Nevertheless, the rates of subjects who felt cold discomfort 
or heat discomfort were both greater in the winter compared 
with autumn. The chi-square values were 24.34 for the 
former and 13.02 for the latter (in both cases df = 1, p< 0.01). 
Accordingly the rate of subjects who feel discomfort in 
winter (31.7%) is statistically higher than that (21.1%) in 
autumn (X2= 42.65, df = 1, p< O. ol). 
It is interesting to note that almost the same rate of 
subjects feel discomfort for the adults as among the school 
pupils for both seasons. To summarise, it accounted for 
approximately a third of the population in winter, and is 
therefore noteworthy. 
As would be expected, the mean thermal sensation value 
obtained among the non-heated group was determined to be 
3.7, which is statistically lower than that (4.3) among 
the heated group (t = 6.30, df = 1505, p< 0.01). In fact,, 
the rate of subjects who felt cold discomfort in the former 
case accounted for 20.8% of the total. This figure was much 
greater compared with that (13.0%) among the heated group 
(X 2= 12.13, df = 1, p< 0.01). The reverse was true for the 
rate of subjects who felt heat discomfort (X 
2= 10.97, df = 1, 
< 0.01) - 
Thus, it is apparent that the surprisingly low temperature of 
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13.2 0C obtained as the mean for the non-heated classrooms 
is too low to be compensated for by the clothing habitually 
worn by school pupils. 
0 
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5.4 Actual Values Determined in Ambient Temperature and 
Clothing Levelfor the Subjects Who'Were ih Good Health 
and Felt Comfortable 
The sample used in this investigation was restricted to the 
subjects who were in good health and felt comfortable. The 
number of the subjects and their anthropometric data are 
given by sex and season, together with t-values calculated 
for the sexes in Tables 5.11 and 5.12. The values for 
age and Rohrer index listed in the tables indicate those 
which were ascertained on lst December, 1981. 
The sample sizes1were: in autumn, 283 office workers and 
564 primary school pupils, and in winter, 243 office workers 
and 408 primary school pupils. They corresponded to 33.7%, 
37.4%, 28.9% and 27.1% of each total sample respectively. 
The ages of the subjects represent similar figures to those 
among the total effective samples. However, the behaviour on 
Rohrer indices differed from the total effective samples. 
In this case no significant differences were found irrespective 
of whether adults or children, and seasons. These findings 
should be taken into account when the influence of build on 
clothing levels is discussed. 
Ambient temperatures measured in the offices and classrooms 
of the subjects are represented by season, together with 
relative humidity and air velocity-in Table 5.13. 
0 
The mean temperature in the offices was 20.5 C with a 
standard deviation of 1.7 
0C in autumn and 20.3 0C with a 
standard deviation of 2.1 
0C in winter. Those obtained in 
the classrooms were 20.1 
0C 
with a standard deviation of 
190. 
Table 5.11 Anthropometric data of office workers who were in good health-and felt comfortable (qa-panese) 
Age Rohrer 
Season Sex Number % (years) Index 
Autumn Female 119 29.7 36.5 + 12.1 133.5 + 13.3 
Male 164 37.4 35.6 + 11.3 132.0 + 15.9 
Total 283 33.7 36.0 +. 11.6 132.6 + 14.8 
t-value (df=281) 0.64 ns 0.80 ns 
Winter Female 109 27.2 35.2 + 11A 133.4 + 14.1 
Male 134 30.5 36.5 + 11.4 131.0 + 16.4 
Total 0243 28.9 35.9 + 11.4 132.1 + 15.5 
t-value (df=241) 0.92 ns 1.18 ns 
Mean + S. D. ns p> 0.05 
% indicates proportion of total sample 
Age distribution 
20-29 30-39 40-49 50-59 
years years years years Total 
Autumn Fernale (N) 47 28 18 26 119 
M 39.5 23.5 15.1 21.8 100.0 
Male (N) 63 44 28 29 164 
M 38.4 26.8 17.1 17.7 100.0 
Total (N) 110 72 46 55 283 
M 38.9 25.4 16.3 19.4 100.0 
Winter FEnale (N) 43 34 12 20 109 
M 39.4 31.2 11.0 18.3 100.0 
Male (N) 51 33 24 26 134 
M 38.1 24.6 17.9 19.4 100.0 
Total (N) 94 67 36 46 243 
M 38.7 27.6 14.8 18.9 100.0 
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Table 5.12 Anthropometric data of school pupils who 
were in good health and felt comfortable 
Proportion of 
Total Sample Rohrer Index 
Season Sex Number M Mean + S. D. 
Autumn Girl 243 33.6 123.7 + 15.6 
Boy 321 40.9 125.6 + 16.2 
Total 564 37.4 124.8 + 16.0 
t-val-ue (df=562) 1.40 ns 
Winter Girl 163 22.5 121.1 + 14.6 
Boy 245 31.3 123.5 + 14.6 
Total 408 27.1 122.6 + 14.6 
t-value (df=406) 1.60 ns 
ns p>0.05 
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Table 5.13 Physical thermal parameters measured in the 
rooms of subjects who were in good health and felt comfortable. 
Season Number Physical thermal parameter Mean + S. D. 
Autumn 283 Globe teuperature (OC) 20.5 + 1.7 
Relative humidity (%) 64.3 + 6.2 
office Air velocity 
(m/sec) 0.12 + 0.06 
Winter 243 Globe temperature (OC) 20.3 + 2.1 
Relative humidity (%-) 54.1 + 6.4 
Air velocity (m. /sec) 0.13 + 0.07 
Autumn 564 Globe temperature (0c) 20.1 + 1.8 
Relative humidity 64.1 + 6.5 
Air velocity (rn/sec) 0.12 + 0.05 Classroom 
Winter 408 Globe temperature (0 C) 17.0 + 2.1 
Relative humidity M 62.1 + 6.4 
Air velocity (m/sec) 0.13 + 0.07. 
1.8 0C in autumn and 17.0 0C with a standard deviation of 
2.1 0C in winter. 
These values are regarded as approximate quantities for the 
whole sample, except for the case of the classrooms in winter. 
The mean temperature of 17.0 0C for the classrooms of the 
subjects who were chosen in this section, was statistically 
higher than that (16.6 0 C) for the whole sample (t = 4.45, 
df = 2535o, P< 0.01). 
Clothing levels estimated for the of f ice workers and school 
pupils are represented by sex and season in Table 5.14 
which shows the mean value and 95% confidence limits. 
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Table 5.14 Clothing levels estimated for the clothing 
ensemble actually worn by the office worker 
and the primary school pupil who were in good 
health and felt comfortable (Japanese) 
95% 
Confidence 
Sub-Group Season Sex Number Mean + S. D. Limits 
Office Autumn Female 119 0.82 + 0.17 0.48 - 1.16 
Worker 
Male 164 0.85 + 0.20 0.45 - 1.25 
Total 283 0.84 + 0.19 0.47 - 1.21 
Winter Female 109 0.96 + 0.20 0.60 - 1.37 
Male 134 0.97 + 0.23 0.52 - 1.42 
Total 243 0.97 + 0.22 0.54 - 1.39 
School Autumn Girl 243 551 + 128 297 - 805 
pupil 
Boy 321 454 + 145 167 - 740 
Total 564 496 + 146 208 - 783 
Winter Girl 163 683 + 158 369 - 996 
Boy 245 674 + 200 278 - 1069 
Total 408 677 + 184 314 - 1041 
Figures in the table are given by clo valLies (clo) 
for the clothing worn by office workers, and by 
clothing weight (g/m2) for the dress worn by 
school pupils respectively. 
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The mean clo 'values f or the clothing worn by of f ice workers 
were determined to be 0.84 clo with a standard deviation of 
0.19 clo in autumn and 0.97 clo with a standard deviation 
of 0.22 clo in winter. The mean clothing weights for the 
school pupils were 496 g/m 
2 
with a standard deviation of 
146 g/m 
2 in autumn and 677 g/m 
2 
with a standard deviation 
of 184 g/m 
2 
in winter. 
The coefficients of variation computed for the clothing 
worn by the subjects were: for office workers 22.6% in 
autumn and 22.7%oin winter, and for school pupils 29.4% 
in autumn and 27.2% in winter. These values are high, 
as are those for the whole sample. 
The coefficient (22.7%) for the office workers is much 
greater than that for the Japanese students in their 
private study rooms in winter (13.2%) (Irving et al., 1981). 
This difference could be due to the fact that the present 
study involved subjects aged 20 - 59 years. In addition 
the clothing worn in offices is subject to the complications 
arising from the need to conform with socially acceptable 
standards. 
In spite of the uniformity of age of the school pupils high 
coefficients of variation which were obtained in both seasons 
are worthy of notice. 
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5.5 Individual Differences of Clothing Levels to Maintain 
Comfort Conditions with Reference to the 'CAT' and ISCV'. 
In the previous section it was revealed that there exist 
individual differences in the clothing levels actually worn 
by the subjects, in particular among the primary school 
pupils. 
In this section, differences of the clothing worn by 
individuals were investigated more precisely in terms of 
'CAT' and 'SCVI with reference to the subjects who were in 
good health and felt comfortable. The sample sizes were 
V% 
283 office workers and 564 primary school pupils in autumn, and 
243 office workers and 408 primary school pupils in winter 
(see Tables 5.11 and 5.12) . 
Individual differences in the Cloth 
Ambient Temperature (CAT) 
Levels Adjusted for 
The CAT was calculated by means of a regression line which 
predicted clothing level from ambient temperature using the 
following equation 
CAT = AC - (t -Ts) 
where CAT = clothing level adjusted for ambient 
temperature 
AC = actual clothing value 
t= actual ambient temperature (0 C) 
0 
Ts= standard ambient temperature C) 
k= regression coefficient, i. e. a reduction 
in clothing value corresponding to an increase 
of 10C in ambient temperature. 
At this stage the standard temperatures were provided at the 
same value as those in the case of estimation of the SCV, i. e. 
20 0C for the office workers and 18 
0C for the school pupils 
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(see Chapter Four) . 
To obtain the regression coefficient (k) the regression 
equation for predicting clothing levels from ambient 
temperature was computed for each of the 4 cases, for both 
populations by each season. The results appear in Table 
5.15, where correlation coefficients between clothing level 
and ambient temperature are also shown. 
Table 5.15. Regression equations for predicting clothin. -. 1 
levels from ambient temperature and correlation 
coefficients between those variables. 
0 
Equation for office workers in autum 
-0.0249 X+1.3520 
-0.28 (df = 281, p< 0.01) 
Equation for office workers in winter 
-0.0410 X+1.7985 
-0.40 (df = 241, p< 0.01) 
where Y= clo value for the clothing worn (clo) 
and X= ambient temperature (OC) 
Equation for school pupils in autum 
-1.67 X+ 529.16 
-0.17 (df = 562, p< 0.01) 
ani 
pation 
for school pupils in winter 
-30.22 X+ 1189.74 
-0.35 (df = 406, P< 0.01) 
2 
where Y= weight f or the clothj-LKa worn (g 
and X= ardbient temperature (0ý) 
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The correlation coefficients obtained are all determined 
to be signif icant at the 1% level, but the magnitudes are 
not large,, especially for the school pupils in autumn, 
Nevertheless, the values do not necessarily indicate smaller 
magnitudes when compared with those reported by other 
workers (e. g. Araki et al., 1981 and Ohno, 1983). As 
would be expected, in all 4 cases a negative relationship was 
observed between both variables. 
Here,, we cite an example for calculating the CAT f or the 
pupil in winter. o Actual clothing weight and ambient 
temperature were 670 g/m 
2 
and 16.50C respectively. The 
regression coefficient is obtained as -30.22 from Table 
5.15 and standard ambient temperature is provided as 18 0 C. 
The CAT is then determined to be 624.7 g/m 
2 based on the 
equation described previously. 
In this way the CAT was estimated for each subject in both 
seasons. The results are represented by sex, season and 
population in Table 5.16 which shows the mean and 95% 
confidence limits. 
The mean CAT for office workers was determined to be 0.85 
clo with a standard deviation of 0.18 clo in autumn and 
0.98 clo with a stand 
The values for school 
deviation of 146 g/m 
2 
standard deviation of 
ard deviation of 0.20 clo in winter. 
pupils were 499 q/m 
2 
with a standard 
in autumn and 646 g/m 
2 
with a 
172 g/m 
2 in winter. 
The coefficients of variation calculated for each group 
in 
terms of the CAT were: for the office workers 21.1% in 
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Table 5.16 The clothing levels adjusted 
temperature for the Japanese 
and school pupil who were in 
felt comfortable 
for ambient 
office worker 
good health and 
95% 
Ccnfidence 
Sub-<3roup Season Sex Number mean + S. D. Limits 
Office Autumn Feinale 119 0.84 + 0.17 0.49 - 1.18 
worker 
Male 164 0.87 + 0.19 0.49 - 1.24 
Total 283 0.85 + 0.18 0.49 - 1.22 
Wintp 
., r 
Female 109 0.96 + 0.19 - 1.34 0.59 
Male 134 0.99 + 0.20 0.59 - 1.39 
Total 243 0.98 + 0.20 0.59 - 1.37 
School Autumn Girl 243 555 + 128 301 - 809 
pupil 
Boy 321 457 + 145 170 - 743 
Total 564 499 + 146 213 - 785 
Winter Girl 163 660 + 137 387 - 932 
Boy 245 636 + 192 257 - 1016 
Total 408 646 + 172 305 - 987 
The I CAT I (clo) for of fice workers means that value 0 
obtained when ambient temperature is adjusted to 20 C. 
while the 'CAT' (g/m2) for school pupils means that value 
CP/" obtained wheii ambient temperature is adjusted to 18 C 
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autumn and 20.4% in winter, while for the school pupils 
29.3% in autumn and 26.6% in winter. The values obtained 
for the adults seem to be slightly smaller than those for 
the actual clothing levelsi but those for the children are 
high, in line with the actual clothing values. 
These findings were investigated more precisely in terms 
of the reduction ratio of the CAT to actual clothing level 
in the difference between upper and lower limits of the 95% 
confidence limits. We can consider this ratio as having 
higher reliability than the coefficient of variation, to 
examine variation of the clothing worn by individuals 
(see Chapter Three) . 
The calculated reduction ratios are given in Table 5.17, 
indicating for office workers 8.2% in winter but only 1.4% 
in autumn, and for school pupils 6.2% in winter but only 
0.5% in autumn. The reduction ratio for autumn was lower 
than that for winter in both groups, which is in agreement 
with the correlation coefficients calculated between clothing 
levels and ambient temperature (see Table 5.15). From 
this,, it was found that remarkable individual differences 
exist even in the CAT. Thus, hypothesis Al was supported. 
Individual Differences in the Standardised Clothing Value 
Adjusted for Ambient Temperature and Physiological Human 
Variables (SCV) 
The SCV was estimated for each subject according to the 
method explained in Chapter Four. The results are given 
by sex, season and population in Table 5.18, which shows 
the mean and 95% confidence limits. 
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Table 5.18 The standardised clothing values estimated for 
the clothing ensemble worn by the office worker 
and school pupil who were in good health and 
felt comfortable (Japanese) 
95% 
Ccnfidence 
Sub-Group Season Sex Number Mean + S. D. Limits 
Office Autumn Fernale 119 0.80 + 0.19 0.43 - 1.17 
worker 
Male 164 0.82 + 0.15 0.52 - 1.13 
Total 283 0.81 + 0.17 0.48 - 1.15 
Wintel; Female 109 0.92 +0.16 0.61 - 1.24 
Male 134 0.92 + 0.17 0.60 - 1.25 
Total 243 0.92 + 0.16 0.60 - 1.24 
school Autumn Girl 243 653 + 129 398 - 908 
pupil 
Boy 321 574 + 142 292 - 855 
Total 564 608 + 142 328 - 888 
Winter Girl 163 708 + 137 435 - 980 
Boy 245 708 + 191 330 - 1086 
Total 408 708 + 171 369 - 1046 
The ISM (clo) for office workers means that value 
Obtained when age, pohrer index and ambient tEmperature 
are adjusted to 30 yqars, 130 and 20 
0C respectively, 
while the 'SCV' (g/m') for school pupils means that value 
obtained when Rohrer index and ambient tenperature are 
adjusted to 120 and 180C respectively. 
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The mean SCV, for office workers was determined to be 0.81 
clo with a standard deviation of 0.17 clo in autumn and 
0.92 clo with a standard deviation of 0.16 clo in winter. 
The mean values for school pupils were 608 g/m 
2 
with a 
standard deviation of 142 g/m 
2 in autumn and 708 g/m 
2 
with a standard deviation of 171 g/m 
2 
in winter. 
The coefficients of variation computed for each sample in 
the SCV were: for office workers 21.0% in autumn- and 17.4% 
in winter, and for school pupils 23.4% in autumn and 24.2% 
in winter. These coefficients were both smaller than those 
for the actual clothing levels so that we can recognise the 
effects of the primary factors (ambient temperature and 
main physiological human variables) when taken into account 
with the SCV upon the individual differences of clothing worn. 
The findings were confirmed more precisely by the reduction 
ratio of the ranges of SCV to actual clothing level in 95% 
confidence limits. 
The reduction ratios calculated are given in Table 5.19: for 
office workers 24.7% in winter and 9.5% in autunm, and for 
school pupils 6.9% in winter but only 2.6% in autumn. The 
values obtained were, of course, larger when compared with 
those of the CAT in either population, but only a few 
differences were observed between them in the case of the 
school pupil. 
From this, it was concluded that a rather large reduction 
ratio (24.7%) was obtained among the office workers, therefore 
it is interpreted that the SCV enables a reduction in the 
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range of individual differences of clothing worn by them, 
but even in the SCV a considerable individual differen ce 
still existed. Thus, the findings support hypothesis A2. 
V% 
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CHAPTER SIX 
Personal Human Variables and their Ef fects.. in Relation to 
Clothing Worn by Japanese People to Maintain Comfort 
. Conditions 
6.1 Introduction and Hypotheses 
In the previous chapter it was shown that using SCV rather 
than actual clothing levels reduced the variation needed to 
achieve comfort. Nevertheless, large individual differences 
still existed. 
We can consider possible reasons for this difference from 
the following points of view: 
(1) There are 2 sub-groups; those who are capable of 
maintaining comfort conditions with light clothing, and 
those who need to wear more for the same purpose. 
(2) The amounts of clothing worn by each person to achieve 
comfort lie within wide limits, rather than on a specific 
point,, i. e. the same amount of clothing does not always 
provide comfort to the same individual. 
The present study focussed on (1) above. 
The aim in this chapter is to develop an attitude towards 
clothing worn such that the individual can create condition s 
for comfort which take into account their own personal human 
variables. This will also enable us to offer information 
on how one should modify certain personal variables in order 
to achieve clothing habits more conducive to health. However, 
the human variables affecting personal thermal comfort have 
rarely been studied in relation to this aim. C onsequently 
the effects of one's wearing attitudes, living habits and 
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clothing comfort f actors upon clothing levels (SCV) were 
determined in order to isolate the characteristics for the 
2 types of individuals described above. 
On the basis of the concept that there will exist personal 
human variables which yield the individual differences of 
clothing worn, the following hypotheses were investigated. 
The background of them was first discussed in Chapter Two. 
One's wearing attitudes; whether or not one wears 
light clothing to promote good health, will affect the 
amount of Qlothing worn. 
(B2) Clothing comfort factors to which one attaches importance 
will have some influence on one's clothing behaviour. 
(B3) People who regularly take part in sporting activities 
will be warm enough with less clothing than those who 
seldom take part. 
(B4) People who practise rubbing the naked skin with a dry 
cloth will be warm enough wearing less clothing than 
those who do not. 
(B5) People who warm themselves using a footwarmer for long 
hours will need more clothing to keep warm than those 
who do not. 
(B6) For primary school pupils, those who choose their own 
clothes for school will wear less clothing than those 
who have their clothes chosen by their mother. 
The clothing comfort factors which refer to hypothesis 
B2 
were extracted statistipally by means of principal -component 
analysis (Nie et al., 1975, p. 
468-514, and Miyake et al., 
1977, p. 129-155). The quantification theory, 
type 1, 
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(Hayashi,, 1952 and 1961, and Miyake et al., 1977, p. 166-179) 
was applied for analysis of the effects of personal human 
variables upon clothing worn. 
Moreover, the factors affecting one's attitudes on the 
intention to wear light clothing or not were investigated as 
this variable was determined to have the biggest contribution 
to clothing levels. Quantification theory, type TI, Was applied 
for the analysis (Hayashi, 1952 and 1961, and Miyake et al., 
1977, p. 180-193). 
0 
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6.2 Extracting_ Clothing Comfort Factors to Be Taken Up as Personal Human Variables and Estimation of Their Factor 
Scores 
Extracting Clothing Comfort Factors 
On the basis of subjects' answers to the original comfort 
factors listed in the questionnaire factor loadings were 
calculated by means of principal-component analysis. The 
factor loading matrices obtained based on varimax rotation 
are given in Tables 6.1 and 6.2. In the matrices, items 
having a high value, i. e. those regarded as representing 
characteristics for each factor to be extracted, are enclosed 
in a square. 0 
There were 17 original comfort factors applied for the 
Japanese office worker and 14 for the Japanese school pupil. 
These factors were expressed by the prefix 'QF' so as to 
discriminate from the clothing factors to be extracted. 
The results obtained were derived from the data which were 
collected in the winter survey. The sample sizes were 840 
Japanese of f ice workers and 1507 Japanese primary school 
pupils (see Tables 5.1 and 5.2). 
For the fifth factor eigenvalues calculated for either 
population were both smaller than 1.0. which indicates 
that it is not possible to extract the factor in the normal 
way. From this, for the Japanese groups the 4 clothing 
comfort f actors were extracted where the eigenvalues obtained 
were: 1.180 f or the of f ice worker and 1.002 f or the school 
pupil. The factors are-interpreted as follows: 
For the office workerr the first factor incorporates 
5 items; 
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Table 6.1 Factor loadings based on Varimax rotation (Japanese offIce worker) 
Clothing camfort 
factor in 
questionnaire 
nr'l 
WE 
QF2 
QF3 
QF4 
QF5 
QF6 
QF7 
QF8 
QF9 
QF10 
QFll 
QF12 
QF13 
QF14 
QF15 
QF16 
QF17 
Eigenvalue 
cumulative 
percentage 
of total 
variance 
Factor-l 
0.793 
0.. 731 
0.177 
0.082 
0.103 
0.355 
0.109 
0.158 
-0.065 
0.169 
0.213 
-0.030 
0.046 
0.757 
0.860 
0.612 
0.449 
4.888 
28.8 
Factor 2 
0.072 
0.163 
0.550ý 
0.099 
0.644 
0.508 
0.520 
0.428 
0.295 
0.106 
0.081 
0.240 
0.120 
0.146 
0.046 
0.090 
0.109 
2.269 
42.1 
Factor 
0.077 
0.141 
0.005 
0.046 
0.169 
0.338 
0.422 
0.074 
0.596 
0.704 
0.253 
0.064 
0.125 
0.142 
0.137 
0.128 
1.415 
50.4 
Factor 
-0.089 
-0.088 
0.102 
0.010 
0.115 
-0.052 
0.099 
0.067 
0.159 
0.191 
0.140 
0.558 
0.649 
-0.019 
0.023 
0.106 
0.221 
1.180 
57.4 
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Table 6.1 (continued) 
1.840. 
2. The 17 clothing comfort factors in the questiomaire are: 
QF1 : Smartness 
QF2 : Colour and design 
QF3 : Keeps you cool 
QF4 : Adequate warmth 
QF5 : Ease of movement 
QF6 : Ccn-Lfortable f it 
QF7 : No skin irritation 
QF8 : Does not show the dirt 
QF9 : Not particularly concerned about clothes becoming soiled 
QF10 : Suitable for today Is weather 
QFll : Suitable for winter 
QF12 : Suitable for office 
QF13 : Chosen to conform with clothes of colleagues 
QF14 : Personal., preference 
QF15 : Current fashion 
QF16 : Need for variety 
QF17 : Well known make. 
3. Figures marked with a square indicate a high factor loading 
representing features of the factors to -which they belong. 
211. 
Table 6.2 Factor Loadings based on Varimax rotation (school pupil) 
Clothing ccmfort 
factor in 
questionnaire Factor 1 Factor 2 Factor 3 Factor 4 
QF1 0.569 0.189 0.213 -0.059 
QF2 0.107 0.542 0.120 0.125 
QF3 0.133 0.120 0.061 
QF4 0.097 0.715 0.041 0.078 
QF5 0.174 0.586 0.226 0.159 
QF6 0.136 0.476 0.335 0.129 
QF7 0.133 0.377 0.420 0.144 
QF8 0.105 0.271 0.208 0.107 
QF9 0.177 0.148 0.509 0.104 
QF10 0.119 0.141 0.596 0.329 
QF11 0.067 0.111 0.217 0.597 
QF12 -0.043 0.266 0.130 
QF13 0.829 0.078 0.144 0.058 
QF14 0.614 0.170 0.130 0.065 
Eigenvalue 4.158 1.614 1.257 1.002 
Cumulative 
percentage 
of total 
variance 29.7 41.2 1 
50.2 57.4 
212. 
Table 6.2 (continued) 
1. N= 1507 
2. The 14 clothing comfort factors in the questionnaire are: 
QF1 : Smartness 
QF2 : Keeps you cool 
QF3 : Adequate wannth 
QF4 : Ease of novement, 
QF5 : Ccmfortable fit 
QF6 : No skin irritation 
QF7 : Does not show the dirt 
QF8 : Not particularly concerned abcut clothes beccming soiled 
QF9 : Suitable for today's weather 
QF10 : Suitable for winter 
QF11 Chosen to conform with clothes of colleagues 
QP12 Suitable for school 
QF13 Current fashion 
QF14 Well known make. 
3. Figures marked with a square as in Table 6.1. 
213. 
current fashion (QF15), smartness (QF1)y personal 
preference (QF14), colour and design (QF2) and need for 
variety (QF16). In the same way, the second factor 
incorporates 4 items; ease of movement (QF5) , keeps you cool 
(QF3) , no skin irritation (QF7) F and comf ortable f it (QF6) 
The third factor, 3 items; suitable for winter (QF11)1 
suitable for today's weather (QF10) and adequate warmth 
(QF4) , and the fourth f actor, 2 items; chosen to conf orm 
with clothes of colleagues (QF13), and suitable for office 
(QF12) These features were considered to show reasonable 
V% 
patterns in the interpretation of each factor. 
For the school pupil the first factor incorporates 3 items; 
current f ashion (QF13) , well known make (QF14) and smartness 
(QF1) . The second factor, 3 items; ease of movement (QF4) , 
comf ortable f it (QF5) and keeps you cool (QF2) . The third 
factor again, 3 items; suitable for winter (QF10) , suitable 
for today's weather (QF9) and adequate warmth (QF3), and 
the fourth factor, 2 items; suitable for school (QF12) and 
chosen to conform with clothes of colleagues (QF11). 
It will be noticed that quite similar patterns are obtained 
among the school pupils to those among adults. Consequently, 
we could allocate a title to each of the groups, i. e. 
'aesthetic attributes' to the first factor (Fl), 'ease of 
movement' to 'the second factor (F2), 'adequate warmth'-to 
the third (F3), and 'suitability for office/school' for the- 
fourth 
214. 
Estimation of Factor Scores for the 4 Clothing Comfort 
Factors Extracted 
First,, factor score coefficients were calculated with 
reference to the same subjects as those used for estimating 
the factor loadings, and the matrices obtained are given in 
Tables 6.3 and 6.4. 
Using the factor score coefficients the factor scores for the 
4 clothing comfort factors were estimated for each subject 
based on the followýng equation (Miyake et al., 1977, p. 
129-155) . 
FS if 
(S 
ii X Cf i 
where FS if 
factor score for the extracted clothing 
comfort factor f of subject i. 
S. - standardised score value 
derived from the 
13 degree of importance voted for original 
comfort factor j listed by subject i. 
fj factor score coefficient 
for the original 
comfort factor j listed under the extracted 
clothing comfort factor f. 
The results are given in Tables 6.5 and 6.6 which show the 
mean, 95% conf-idence limits and t-value calculated between 
sexes by each factor. The factor score with the positive 
value indicates a higher degree of importance to the 
clothing comfort factor, while that with the negative value 
a smaller degree. 
The subjects who took part in this case felt comfortable 
in their offices or classrooms in winter, and the sample 
sizes were 573 office workers and 1030 school pupils 
(see Tables 6.7 and 6. -8) . The reason 
for the subject being 
restricted to those who felt comfortable was 
that they were 
215. 
Table 6.3 Factor score coefficient matrix (Japanese 
office worker) 
Clothing ccmfort 
factor in 
questiomaire Factor 1 Factor 2 Factor 3 Factor 4 
QF1 0.245 -0.031 -0.059 -0.077 
QF2 0.162 0.039 0.000 -0.099 
QF3 0.006 0.242 -0-092 0.015 
QF4 -0.034 -0.011 0.202 -0.059 
QF5 -0.024 0.350 -0.097 0.008 
QF6 0.010 0.236 0.000 --0.106 
QF7 -0.042 0.224 0.107 -0.034 
QF8 -0.045 0.157 0.149 -0.056 
QF9 -0.024 0.091 -0.002 0.042 
QF10 -0.013 -0.053 0.273 0.057 
QFll -0.037 -0.113 0.469 -0.004 
QF12 -0.015 0.031 0.023 0.356 
QF13 0.012 -0.018 -0.078 0.468 
QF14 0.196 0.021 -0.035 -0.034 
QF15 0.395 -0.149 -0.028 0.076 
QF16 0.111 -0.021 -0.011 0.079 
QF17 0.066 -0.015 -0.008 0.119 
The clothing ccmfort factors in the questionnaire are as in Table 
6.1. 
N=840 
216. 
Table 6 .4 Factor score coefficient matrix (school pupil) 
Clothing comfort 
factor in 
questionnaire Factor l.. . Factor 
2 Factor 3 
I 
Factor 4 
QF1 0.178 0.030 0.048 -0.077 
QF2 -0.002 0.210 -0.033 -0.024 
QF3 -0.015 -0.032 0.248 -0.051 
QF4 -0.032 0.446 -0.151 -0.069 
QF5 0.002 0.246 0.009 -0.019 
QF6 -0.031 0.163 0.109 -0.040 
QF7 -0.035 0.098 0.179 -0.039 
QF8 -0.002 0.058 0.047 -0.003 
QF9 -0.007 -0.030 0.254 -0.038 
QF10 -0.052 -0.098 0.387 0.084 
QFll 0.012 -0.068 0.019 0.307 
QF12 -0.053 0.035 -0.129 0.620 
QF13 0.652 -0.122 -0.092 0.057 
QF14 0.223 0.012 -0.036 0.014 
The clothing comfort factors in the questionnaire are as in Table 6 . 2. 
N=1507 
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219. 
the only ones used in the investigation of effects of 
personal human variables on clothing. This will be 
discussed in a subsequent section. 
0 
220. 
6.3 Effects of Personal Human Variables upon Clot 
Worn to Create Comfort Conditions 
Subjects and the Standardised Clothing Value (SCV) for the 
Clothing Worn by Them 
The subjects wýo took part in this investigation were 
restricted to those who felt comfortable in their offices 
or classrooms in winter. The sample sizes were 573 Japanese 
office workers and 1030 Japanese primary school pupils. 
Anthropometric data of the subjects are given by sex, 
together with t-values calculated for the sexes in Tables 
6.7 and 6.8. 
0 
For the office workers the average age was 33.4 years and 
the mean Rohrer index 131.0, while for the school pupils those 
values were 11.3 years and 123.1 respectively. 
The SCV estimated for the clothing worn by the subjects 
in their rooms is given by sex and population in Table 6.9. 
For the office worker the mean SCV was determined to be 
0.98 clo with a standard deviation of 0.19 clo, while that 
for the school pupil was 752 9/m 
2 
with a standard deviation 
2 
of 175 g/m 
Ambient temperatures measured in the offices or classrooms 
of the subjects are shown, together with relative humidity 
and air velocity, in Table 6.10. The mean temperature 
in 
the offices was determined to be 20-. 4 
0 C, while that in the 
classrooms was 16.6 
0 C. equal to each value obtained among 
the whole sample (see Tables 5.5 and 5.6) 
221. 
6.7 Anthropometric data of the Japanese office workers 
I who felt comfortable in their offices in winter 
Proportion of 
Total sanple Age 
Number M. (years) Rohrer Index 
Female 262 65.3 33.8 + 11.7 132.0 + 13.8 
Mzle 311 70.8 33.2 + 10.7 130.2 + 17.1 
Total 573 68.2 33.4 + 11.1 131.0 + 15.7 
(t-value (df=571) 0.69 ns 1.36 
Mean : I-- S. D. ns p: " 0.05 
Age 
Distribution 
20 - 29 
years 
30 - 39 
years 
40 49 
years 
50 - 59 
years 
Total 
Female (N) 126 64 26 46 262 
M 48.1 24.4 9.9 17.6 100.0 
Male (N) 152 80 41 38 311 
M 48.9 25.7 13.2 12.2 100.0 
Total (N) 278 144 67 84 573 
M 48.5 25.1 11.7 14.7 100.0 
222. 
Table 6.8 Anthropometric data of the Japanese school pupils 
who felt comfortable in their classrooms in winter 
Number 
Proportion of 
Total sanple 
M 
Rohrer Index 
Mean +S. D. 
Girl 497 68.7 121.7 + 15.2 
Boy 533 67.9 124.5 + 16.0 
Total 1030 68.3 123.1 + 15.7 
t-value (df 1028). 2.87 
, 
Average age among total subjects 
11.3 + 0.7 years. 
** p<0.01 
Table 6.9 Standardised clothing values estimated for the 
clothing worn by the Japanese office workers and 
school pupils who felt comfortable in their rooms 
in winter. 
Sub-group Number Mean + S. D. 
95% 
Confidence 
Limits 
Office Femle 262 0.98 + 0.20 0.58 1.37 
workers Male 311 0.99 + 0.18 0.63 1.34 
Tbtal 573 0.98 + 0.19 0.61 1.53 
School Girl 497 760 + 158 449 1072 
pupils Boy 533 744 + 190 370 1119 
Total. 1030 752 + 175 408 1096 
The standardised clo value for the clothing worn by the 
office worker means the value obtained when age, Rohrer 
Index value and ambient temperature are adjusted to 30 
years, 130 and 200C respectively. The standardised 
clothing weight (g/m2) for the school pupil means that 
value obtained when Rohrer Index and ambient temperature 
are adjusted to 120 and 180C. 
223. 
Table 6.10 Physical thermal parameters measured in the 
rooms of Japanese office workers and school 
pupils who felt comfortable in winter 
Number Physical thermal parameter Mean + S. D. 
Offices 573 Globe temperature (0c) 20.4 + 2.2 
Relative humidity M 53.2 + 6.6 
Air velocity (m/sec) 0.13 + 0.07 
Classrooms 1030 Globe tenperature 0 C) 16.6 + 2.2 
Relative humidity M 62.3 + 6.5 
Air velocity (m. /sec) 0.13 + 0.07 
w. 
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Personal Human Variables Taken Up and Their Effects upon 
the SCV 
The personal human variables taken up for each population 
are given, together with their categories, in Tables 6.11 
and 6.12. It will be noticed that in the tables the following 
2 variables are listed besides those which are directly 
concerned with hypotheses, i. e. state of health (HS) and 
whether you wear uniform in school (UN) . The reason for the 
'state of health' variable being included is to control the 
figures which influence subjects' health state, as the 
sample included 4hose who were not in good health. A large 
sample size was necessary to analyse the effects of the 
personal human variables. 
The effects of the 9 human variables for the office workers 
and the 11 variables for the school pupils were investigated 
separately based on the responses of the subjects by means 
of the quantification theory, type I. In this analysis the 
outside variable was the SCV estimated for the clothing worn 
by the subjects in winter (see Table 6.9). 
The results obtained by means of the quantification theory 
appear in Tables 6.13 and 6.14, which show the frequency of 
the subjects belonging to each category for each 
factor item, 
the weighted value estimated for each category, the partial 
correlation coefficient and the multiple correlation coefficient. 
Determinations for each of the personal human variables 
concerned with this analysis were all ascertained 
in the 
winter survey. 
225. 
Table 6.11 Personal human variables investigated relating 
to Japanese office workers 
Whether you intend to wear less clothing (WA) 
Cl I intend to wear less clothing as it seem from experience 
to be healthier. 
C2 I wish to wear less clothing 
C3 I don't particularly wish to wear less clothing 
C4 I intend to wear more clothing as it seems to be healthier 
C5 I don't know 
(2) Whether you take part in sport. /jogging (Ll) 
Cl Regularly 
C2 Sorreatimes 
C3 Seldcrn/Never 
(3) Whether you practise rubbing your naked skin. with a dry 
cloth (L2) 
Cl Regularly/Scoetimes 
C2 Never 
(4) How many hours do you wa-rm yourself using a footwanner on 
Sunday at horne? (L3) 
cl Less than four hours 
C2 Four hours or more 
(5) Whether you attach importance to the aesthetic attributes 
of clothing worn (Fl) 
Cl Factor score -0-551 and below 
C2 Factor score -0.550 - 0.499 
C3 Factor score 0.500 and. over 
(6) Whether you attach importance to ease of movement of clothing 
worn (F2) 
cl Factor score -0-551 and below 
C2 Factor score -0.550 - 0.499 
C3 Factor score 0.500 and over 
226. 
Table 6.11 (continued) 
(7) Whether you attach importance to adequate wannth of clothing 
worn (F3) 
Cl Factor score -0.551 and below 
C2 Factor score -0.550 - 0.499 
C3 Factor score 0.500. and over 
Whether you attach inportance to the suitability of clothing 
worn for office (F4) 
Cl Factor score -0.551 and below 
C2 Factor score -0.550 - 0.499 
C3 Factor score 0.500 and over 
State of heal-th (HS) 
Cl Good health 
C2 A slight cold 
C3 A slight cold and other minor complaint/s 
C4 Minor conplaints only 
The variables have been grouped according to function 
and the variables are: 
WA Wearing attitudes 
Ll-3 Living habits 
Fl-4 Clothing comfort factors 
HS State of health 
On the factor score for the clothing ccmfort factors 
(Flf F21 F3 and FQ a positive value indicates a 
higher degree of importance. 
State of Health (HS) was -ascertained 
based on ccinplaints 
of the respondents on the day of the survey - Wntents 
of the minor ocn-plaints were: I affn short of sleep, 
feel tired or am mmstruating at the present tine, etc. 
Good health means without any of the above complaints. 
(This table is made up frcin data derived frcm the 
original questionnaire,, dividing up the information 
into the categories as above). 
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Table 6.12 Personal human variables investigated 
relating to Japanese school pu-pils 
Whether you intend to wear less clothing (WA) 
Cl I intend to wear less clothing as it seems frcm experience 
to be healthier 
C2 I wish to wear less clothing 
C3 I don't particularly wish to wear less clothing 
C4 I intend to wear more clothing as it seems to be healthier 
C5 I don't know 
(2) Whether you ýake part in physical training after school hours 
(Ll) 
Cl Regularly 
C2 Sometimes 
C3 Never 
(3) Whether you practise rubbing your naked skin with a dry 
cloth (L2) 
Cl Sometimes 
C2 Never 
(4) Whether you warm yourself using a footwarmer for long 
hours (L3) 
Cl Seldom 
C2 Quite often 
(5) Whether you choose the clothes you are going to wear in 
school (L4) 
Cl I choose them myself 
C2 my mother advises me 
C3 The clothes are chosen by my mother 
(6) Whether you attach in1portance, to the aesthetic attributes of 
clothing worn (Fl) 
Cl Factor score -0-551 and belOw 
C2 Factor score -0.550 - 0.499 
C3 Factor score . 0.500, and over 
228. 
Table 6.12 (continued) 
(7) Whether you attach iiqmrtance to ease of movement of clothing 
worn (F2) 
Cl Factor score -0.551 and below 
C2 Factor score -0.550 - 0.499 
C3 Factor score 0.500. and . over 
(8) Whether you attach importance to adequate warmth of clothing 
worn (F3) 
Cl Factor score -0.551 and below 
C2 Factor score -0.550 - 0.499 
0 
C3 Factor score 0.500 and over 
(9) Whether you attach inportance to the suitability of clothing 
worn for school (F4) 
Cl Factor score -0.551 and below 
C2 Factor score -0.550 - 0.499 
C3 Factor score 0.500 and over 
(10) State of health (HS) 
Cl Good health 
C2 A slight cold 
C3 A slight cold as well as having other minor camplaint. /s 
C4 minor carplaint/s only 
(11) Whether you wear unifom in school (UN) 
cl I don't ýAear a uniform 
C2 I wear a uniform 
Factor scores for the clothing ccmfort factors and 
health states are as in Table 6.11. 
229. 
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The multiple correlation coefficients were determined to 
be 0.6 8 (df =9 15 6 3., p<0.01) f or the of f ice worker and 
0.61 (df = 11,1018, p<0.01) for the school pupil, which 
were both fairly high. 
When comparing these values with those obtained for ambient 
temperature and physiological human variables (investigated 
as the factor items in the same type of analysis) it can 
be seen from the multiple correlation coefficient of 0.68 
that personal human variables are slightly more important 
than the primary. f actors (0.65, Table 4.1) . For school 
pupils the difference is greater, thus the coefficient for 
the personal human variables is 0.61 compared with 0.36 
(Table 4.2) for the primary factors. 
It is apparent that the influence of personal human variables 
discussed in this chapter will be predominant in any 
explanation of differences in clothing levels amongst individual 
school pupils. 
For the office worker, all of the 9 human variables were 
determined to have a significant relationship to the SCV. 
The human variables which have a high partial correlation 
coefficient and a significant level of < 0.01, (df = 564) 
are: 
(1) attitude to wearing less clothing (WA) (Rp = 0.36) 
(2) importance of adequate warmth of 
clothing worn (F3) (Rp = 0.26) 
(3) importance of-ease of movement of 
clothing worn (F2) 
(Rp = 0.24) 
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(4) state of health (HS) 
(5) whether you take part in sport/jogging 
(Ll) 
(6) whether you warm yourself using a 
footwarmer for long periods (L3) 
(7) whether you practise rubbinq your naked 
skin with a dry cloth (L2) 
(Rp = 0.2 4) 
(Rp. = 0.20) 
(Rp. = 0.15) 
(Rp = 0.11) 
In addition, the following 2 variables are determined to 
be significant at the 5% level (df = 564). 
(8) importance of the aesthetic attributes 
of clothing worn (Fl) (Rp = 0.10) 
(9) importance of suitability of clothing 
worn for office (F4) (Rp = 0.08) 
For the school pupil 9 human variables out of the 11 taken 
up were determined to have a significant relationship to the 
SCV. The human variables which have a high partial 
correlation coefficient andsignificance level of < 0.01 
(df = 1019) are: 
(1) attitude to wearing less clothing (WA) (Rp = 0.82) 
(2) whether you take part in physical 
training after school hours (Ll) (Rp = 0.18) 
(3) whether you warm yourself using a 
footwarmer for long periods (L3) (Rp = 0.18) 
(4) importance of adequate warmth of 
clothing worn (F3) (Rp = 0.17) 
(5) state of health (HS) (Rp = 0.12) 
(6) whether you choose the clothes you are 
going to wear in school (L4) (Rp = 0.11) 
(7) importance of ease of movement of 
clothing worn (F2) (Rp = 0-*10) 
(8) whether you practise rubbing your naked 
skin with a dry cloth (L2) 
(Rp = 0.09) 
S 
Moreover, the following variable is determined to 
be 
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significant at the 5% level (df = 1019). 
(9) importance of suitability of clothing 
worn for primary school (F4) (Rp = 0.07) 
No significant relationships were obtained between the 
types of clothing worn by the school pupils in their 
school (either uniform or non-uniform) and the SCV 
(Rp = 0.05, r p>0.05) , or between the importance of the 
aesthetic attributes and the SCV (Rp = 0.02, p>0.05) . 
The determination f 07r the last variable is inconsistent with 
that for the office worker. This difference could be attributed 
to the different clothing behaviour between the populations. 
0 
It is interesting to note that the biggest contributing 
variable to the clothing worn was determined to be one Is 
wearing attitudes, the intention to wear light clothing or 
not from a hygienic point of view, irrespective of the 
population group. 
The influence of the variables on the clothing levels is 
investigated based on the weighted value estimated for 
each category within each item. 
With the of f ice worker, lower clothing levels become 
comfortable as a consequence of the following: 
the stronger the attitude to not wearing excess clothing 
(2) the reduced importance of adequate warmth 
(3) the increased importance of ease of movement 
(4) the increased importance of aesthetic attributes, and 
(5) the reduced importance of suitability for the office. 
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Further, the people who are in good health, take part in 
sporting/jogginq regularly, do not warm themselves using a 
footwarmer for long periods and do rub their skin with a 
dry cloth are found to be able to maintain comfort 
conditions with lower clothing levels. 
In contrast to this, high clothing levels become domfortable 
as a consequence of the following: 
(1) the stronger the attitude to wearing more clothing 
(2) the increased importance of adequate warmth 
(3) the reduced,, importance of ease of movement 
(4) the reduced importance of aesthetic attributes, and 
(5) the increased importance of suitability f or the of f ice. 
In addition, the people who have a slight cold, do not 
take part in sport/jogging, do warm themselves using a 
footwarmer for long periods and do not rub their skin with 
a dry cloth are found to need more clothing in order to 
achieve comfort. 
0 
The effects observed of the human variables upon the 
clothing levels are in total agreement with the theory of 
the hypotheses established for them. The findings on 
adequate warmth (F3) in clothing comfort factors support 
those observed in our previous work relating to the effect 
of the importance attached to clothing to provide warmth 
(Irving et al., unpublished data). 
In each of the other g. ýoups def ined by dif f erent clothing 
levels the reverse effect was obtained for each of the 
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variables. Such a phenomenon seems to be very helpful for 
understanding the characteristics of those 2 groups according 
to the responses for the human variables concerned. 
A similar investigation is performed for the school pupils. 
Lower clothinq levels become comfortable as a consequence 
of the following: 
(1) the stronger the attitude to not wearing excess clothing 
the reduced importance of adequate warmth 
(3) the increased importance of ease of movement, and 
(4) the increaspd importance of suitability f or school. 
In addition, the school pupils who regularly take part in 
physical training, do not warm themselves using a footwarmer 
for long periods, are in good health, choose their own clothes 
and rub their skin with a dry cloth are found to be able to 
maintain comfort conditions with lower clothing weights. 
Conversely, high clothing levels become comfortable as a 
consequence of the following: 
(1) the stronger the attitude to wearing more clothing 
(2) the increased importance of adequate warmth 
(3) the reduced importance of ease of, movement, and 
(4) the reduced importance of suitability for school. 
Further, the school pupils who hardly ever take part in 
physical training, warm themselves using a 
footwarmer for 
long periods, have a slight cold, have their school clothes 
chosen by their mothers and do not rub their skin with 
a 
dry cloth are found to have to wear more clothing 
to create 
comfort conditions in the same winter 
temperatures. 
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The effects of the human variables observed for the school 
pupils are consistent with those for the office workers. 
However, one variable, i. e. the importance of suitability 
of clothing worn for school/off ice (N) is not. A negative 
relationship was found for the school pupils, in contrast 
to a positive one for the office workers. 
One of the explanations for the contradictory findings 
could be due to the different concept for the clothing 
worn according to different generations. Among Japanese 
people, particulcIrly among the older generations, wearing 
more clothing is considered to be a sign of politeness. 
This seems to re flect the clothing custom that historically 
exists in Japan. On the other hand, the primary school 
pupils are guided nowadays not to wear excess clothing 
as part of the curriculum in their schools, as this is 
considered to promote good health. 
From these situations, the results obtained for both 
populations are interpreted as showing reasonable patterns. 
Thus, the findings clearly support hypotheses Bl - B6 that 
were established in this chapter. 
On the basis of the results obtained, the characteristics 
of the group able to maintain comfort conditions with lower 
clothing levels ('L' group) are defined as those who 
(1) intend to wear less clothing 
(2) regard the ease of- movement of clothing worn as a more 
important factor in the maintenance of clothing comfort 
(3) take part in sport/jogqing regularly 
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(4) do 'not warm themselves using a footwarmer for long 
periods, and 
(5) practise rubbing their skin with a dry cloth. 
In addition, for the school pupil, 
(6) choose their own clothes worn in school,, 
while the group who must wear more clothing to create 
comfort conditions (1H' group) is defined as those who 
(1) intend not to wear less clothing 
(2) regard adequate warmth as a more important factor in 
the maintenance of clothing comfort 
(3) seldom take part in sport/jogging 
0, (4) warm themselves using a footwarmer for long periods, 
and 
(5) do not practise rubbing their skin with a dry cloth. 
In addition for the school pupil, 
(6) have their clothes chosen by their mothers. 
From these features, it is therefore concluded that the 
personal human variables investigated in this chapter 
enable us to discriminate between the 2 sub-groups defined 
by the different clothing levels according to the responses 
of each individual for each of the variables. 
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6.4 Factors Affecting One's Attitudes on the Intention to Wear Light Clothing or Not 
Subjects and Their Wearing Attitudes 
The subjects who took part in this investigation were 
840 Japanese office workers and 1507 Japanese primary 
school pupils, i. e. the whole effective sample collected 
from the winter survey. Anthropometric data of the subjects 
have been described in Chapter Five (see Tables 5.1 and 5.2). 
Distributions of the wearing attitudes for the subjects 
are given by population in Table 6.15. 
0 
The 5 categories for wearing attitudes were defined as in 
the previous section (see Tables 6.11 and 6.1? -) . They are: 
I intend to wear light clothing as it seems to be 
healthier through my own experience (Al) 
(2) 1 wish to wear less clothing (A2) 
(3) 1 don't particularly wish to wear less clothing (A3) 
(4) 1 intend to wear more clothing as it seems to be 
healthier through my own experience (A4) 
% (5) 1 don't know(A5) 
Among the office workers the most popular attitude was 
determined to be A3: 'I don't particularly wish to wear 
less clothing', which accounted for 34.4% of the total. 
This attitude was followed by A2: 'I wish to wear less 
clothing' (28.6%), Al: 'I intend to wear light clothing as 
it seems to be healthier through my own experience' 
(24.2%), 
A5: 'I don't know' (10.7%) and A4: 'I intend to wear more 
clothing as it seems to be healthier through my own experience' 
(2.1%) Every difference obtained between the rates of the 
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categories was without exception statistically significant. 
The chi-square value was calculated as 3.97 (df = 1, p<0.05) 
in even the lowest obtained between Al and A2. 
On the other hand, the rate of school pupils who answered 
don't know' to the question 'What is your attitude to 
wearing light clothing from a hygienic point of view? ' 
accounted for 29.1% of the total. This value was almost 
as high as that for A3: 'I don't particularly wish to wear 
less clothing' (30.1%) . These attitudes were determined 
to be the most popular among the school pupils. 
These categories were followed by A2 (19.5%), Al (16.9%) 
and A4 (4.4%). No significant difference was found between 
the rates of A2 and Al (X- 
2=3.21, 
df = 1, p> 0.05). 
In all categories significant differences were found 
between the office worker and the school pupil. The rates 
for Al, A2 and A3 obtained among office workers were all 
higher than those for the school pupils, where the chi-square 
values were 17.57,24.69 and 4.37 respectively. The reverse 
was true in the rates for A4 and A5. Those among the office 
workers were both lower than for the school pupils, where 
the chi-square values were 7.18 and 103.11. The significance 
level was 1% (df = 1) in all 5 cases. it is noteworthy that 
among the whole sample only 84 subjects answered 'I. intend 
to wear more clothing as it seems to be healthier', which 
accounted for 3.6% of the total (N = 2347). This would 
probably reflect the fact that there is a general idea which 
has been widely spread in Japan that wearing light clothing 
is healthier. 
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Factors Taken Up and Their Effectq upon One'$ 
the Intention to Wear LýS[ht Clothing or Not , 
ttýtiade, q on 
The factor items taken up for each population are gýven, 
together with their categor. ies, in Tables 6.16 and 6.17. 
The items f or the of f ice worker were; sex (Hl) , age (H2) 
the number of colds caught during the winter period (51) 1 
one's sports/jogging habits (Ll) , the practýce of rubbing 
the naked skin with a dry cloth (W), warming one's self 
using a footwarmer (L3), and clothing comfort factors 
(Fl r F2 r F3 and F4) . 
Those for the school pupil were: sex (H1), the number of 
colds caught during the winter period (Sl) , "who advised you 
of the health promoting (aspects of wearing light clothing" 
(WW), one's physical training habits (Ll), the practice of 
rubbing the naked skin with a dry cloth (L2) , warming one's 
self using a footwarmer (L3) , and the clothing comfort factors 
(Fl,. F2, F3 and N). 
The effects of the 10 items for each population were investigated 
separately based on the responses of the subjects by means of 
the quantification theory, type IJý. The reason for the application 
of the type II beinq appropriate in this case is that wearing 
attitude, being non-numerical, was used for the outside 
variables (see Table 6.15) . Accordinglyr the number of outside 
variables was 5 for both populations. 
The results determined by means of the quantification theory 
appear in Tables 6.18 and 6.19, which show the frequency of 
the subjects belonginq to each category for each ýtem, the 
scores estimated for each category, the partial correlation 
246. 
Table 6.16 Factors taken up to investigate wearing 
attitudes relating to Japanese office workers 
(1) Sex of the subject (Hl) 
Cl Female 
C2 Male 
(2) Age of the subject (H2) 
Cl 20 - 29 years 
C2 30 - 39 years 
C3 40 - 49 years 
C4 50. -. 59,. Years 
(3) Whether you take part in sport/jogging (Ll) 
Cl Regularly 
C2 Scmetirnes 
C3 SeldarVNever 
(4) Whether you practise rubbing your naked skin with a dry 
cloth (L2) 
cl Regularly/Sometimes 
C2 Never 
(5) How many hours do you warm yourself using a footwarmer on 
Sunday at hcm? (L3) 
cl Less than four hours 
C2 Four hours - or, more, 
(6) whether you attach importance to the aesthetic attributes 
of clothing worn (Fl) 
Cl Factor score -0.551 and below 
C2 Factor score -0.550 - 0.499 
C3 Factor score 0.500, and. over.. 
(7) Whether you attach ln-portance to ease of mveRent Of 
clothing worn (F2) 
Cl Factor score -0.551 and below 
C2 Factor score -0.550 - 0.49 
-9 
C3 Factor. score 0: 500,. and,. over, 
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Table 6.16 (continued) 
(8) Whether you attach inportance to adequate warmth of clothincj 
worn (F3) 
Cl Factor score -0.551 and below 
C2 Factor score -0.550 - 0.499 
C3 Factor score 0.500 and. over 
(9) Whether you attach hTportance to suitability of clothing 
worn for office (F4) 
C1 Factor score -0.551 and below 
C2 Factor score -0.550 - 0.499 
C3 Factor sc6re 0.500 and-over 
Number of colds caught during the winter period (Sl) 
Cl None 
C2 One 
C3 Two 
C4 Three or more 
Footnote: Factor scores are as in Table 6 . 11,, 
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Table 6.17 Factors taken up to investigate wearing attitudes relating to Japanese school pupils 
(1) Sex of the subject (Hl) 
C1 Girl 
C2 Boy 
(2) Whether you take part in physical training after school hours (Ll) 
C1 Regularly 
C2 Sometimes 
C3 Never 
(3) Whether you ptactise rubbing your naked skin with a dry 
cloth (L2) 
Cl Sometimes 
C2 Never 
(4) Whether you warm yourself using a footwaxner for long 
periods (L3) 
Cl Seldom 
C2 Quite often 
(5) Whether you attach importance to the aesthetic -attributes of 
clothing worn (Fl) 
Cl Factor score -0-551 and below 
C2 Factor score -0-550 - 0.499 
C3 Factor score 0.500 and over 
(6) Whether you attach importance to ease of movement of clothing 
worn (F2) 
C1 Factor score -0.551 and below 
C2 Factor score -0.550 - 0.499 
C3 Factor score 0.500 and over 
(7) Whether you attach iInPOrtance to adequate warmth of clothing 
worn (F3) 
C1 Factor score -0.551 and below 
C2 Factor score -0.550 - 0.499 
C3. Factor score 0.500. and over 
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Table 6 . 17 (continued) 
Whether you attach importance to the suitability of 
clothing worn ', -'or school (F4) 
C1 Factor score -o. 551 and below 
C2 Factor score -0.550 - 0.499 
C3. Factor score 0.500. and. over. 
(9) Number of colds caught during the winter period (Sl) 
C1 None 
C2 One 
C3 Two 
C4 Three or more 
(10) Who advised you to wear light clothing as promoting good 
health (IV) 
Cl I didn't obtain the advice definitely 
C2 Family and others 
C3 Primary school teacher and others 
C4 Family and primary school teacher and others. 
On the factor 'WW' contents of the 'others' were 
newspaper,, TV, book, magazine or a conversation 
with a person, etc. The category one (Cl) means 
that I just know, or I haven't heard that wearing 
light clothing is healthier. 
Factor scores are as in Table 6.11. 
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coefficient and the multiple correlation coeffýcýent, 
Determinations for each ýtem concerned with thýs anajy$ý5 
were all ascertained in the winter survey, 
Firstly, the differences among the 5 sub-groups defined by 
the wearing attitudes 'whether you ýntend to wear less clothing 
or not' were investýgated based on the answers for the 10 
items concerned. 
For this purposef the sum score for each subject was computed 
by adding the scores estimated for the categories listed to 
which the subject 
*% belonged under the 10 items. On the basis 
of the sum scores of the total samples, the mean scores were 
determined for each of the 5 sub-groups. The results are 
given by each population in Figure 6.1. where those for the 
office workers are expressed in the upper diagram, those for 
the school pupils in the bottom one. - 
Tn the graph, the points 
plotted represent the mean scores obtained, and the horizontal 
bars, the standard deviations. 
In either population, as would be expected, the most negative 
side was ranked by the 'Al' group consisting of those intending 
to wear less clothing; conversely, the most positive side 
was ranked by the 'A4' group - those intending to wear more 
clothing. The widest gap was therefore measured between them. 
Among the office workers, the IA2' group - those who wish to 
wear less clothing was approximate to 'All and the IA51 grou? - 
those who answered 'I don't know', was approxýmate to IAV, 
while the IAV group with A positive value lay between 
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and 'A51. We are able to regard these results as showýng 
a reasonable pattern. 
For the school pupils, a closer relationship than for the 
office workers was observed for IA3' and IA51, This fact 
might reflect that one aspect of clothing behaviour was 
far from clear for children. However, the profiles determined 
among the 5 sub-groups did not differ from those of the 
adults. The IAV group had a posýtive value as with the 
adults. 
0 
From the features obtained, it was concluded that the 5 sub- 
groups defined by wearing attitudes are interpreted in the 
same way as those for degree of intention to wear light 
clothing, i. e. the 'Al' group is the greatest, followed by 
'A2', 'A31 and 'A51; 'A4' beýng the smallest among them. 
A negative score indicates a stronger attitude to 'intention 
of wearing light clothing'. 
In the following investigations, the effect of each factor 
should be discussed based on the conclusions above. 
In the partial correlation coefficients calculated between 
the outside variables (wearing attitudes) and each of the 
10 factor items concerned with this analysis, 7 out of the 
10 factors for each population were determined to be 
significant. 
For office workerst the factors are listed in the descending 
order of their correlations. 
number of colds caught during the winter 
period (Sl) (Pp = 0.23) 
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(2) importance of ease of movement of 
clothing worn (F2) (Rp = 0.16) 
(3) whether you take part in $port/ 
jogging (Ll) (Rp = 0.16)- 
(4) age (H2) (Rp = 0.16) 
(5) whether you warm yourself using a footwarmer for long periods (W) (Rp = 0.14) 
(6) whether you practise rubbing your naked 
skin with a dry cloth (L2) (Rp = 0.12) 
(7) importance of adequate warmth of 
clothing worn (F3) ORP = 0.11) 
The above factors were all significant at the 1% level 
(df = 830) . %0 
No significant correlations were obtained for the remaining 
3 factors, i. e. sex (Hl), the ; ýmportance of aesthetic 
attributes of clothing worn (Fl) , and the importance of the 
suitability for the office of clothing worn (F4), 
The value obtained (0.51) for the multiple correlation 
coefficient was also determined to be significant at the 1% 
level (df = 10,829). This suggests that differences in the 
wearing attitudes among individuals will enable a clear 
explanation using those factors. 
For the school pupils, the multiple correlation coefficient 
was calculated as being slightly higher (0.58, df = 10,1496f 
p<0.01) than for the adults. The 7f actors which signif icantly 
correlated with the outside variables are: 
who advised you to wear light clothing as 
being conducive to health (WW) (Rp = 0.31) 
(2) importance of ease- of movement of 
clothing worn (F2) (Rp = 0.27) 
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(3) number of colds caught during the 
winter period ($l) 
(4) importance of adequate warmth of clothing 
worn (F3) 
(5) whether you warm yourself using a 
footwarmer for long periods (L3) 
(6) whether you take part ýn physical 
training after school hours (Ll) 
(7) importance of the aesthetic attributes 
of clothing worn (Fl) 
(RP = 0.24) 
(RP = 0.16) 
(RP = 0.14) 
(gp = 0.08) 
(RP = 0.07) 
The above factors were all significant at the 1% level 
(df = 1497) . 
No significant correlations were determined for the other 
3f actors, i. e- sex (Hl) , the ýmportance of the suitability 
of clothing worn for school (N), and whether you practise 
rubbing your naked skin with a dry cloth (L2). 
The result for the last factor is inconsistent with that 
for the office worker. This could be attributed to the 
fact that the number of school pupils who practise rubbing 
their naked skin with a dry cloth was only 27, which 
accounted for only 1.8% of the total. This rate was 
significantly lower than that of 9.3% among the adults 
(2= 69.14,, df = 1,, p<o. ol) . 
It is interesting to note that the number of colds caught, 
which was by far the biggest contributing factor to the 
wearing attitudes among the adults, fell to third position 
for the school pupils. The factor 'who advised you to wear 
light clothing as it is conducive to health' was determined 
to be the Týost important for the children. 
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The influence of these factors on one's wearing attitudes 
is investigated based on the score estimated for each 
category within each factor (see Tables 6.18 and 6.19). 
A negative score indicates a stronger attitude to wearing 
light clothing, while a posýtýve score means the reverse. 
This interpretation is derived from the findings in Figure 
6.1. 
For the office workers the increase in the number of colds 
caught during the winter period was reflected by a depression 
in the attitudepto wearing light clothing. 
On the other hand, among the primary school pupils , the 
greatest response to attitude to wearing light clothing was 
attributed to adv: * . ýce 
from family and primary school teachers 
(WW4) . The pupils I attitudes gradually reduced in the case 
of the advisor being the primary school teacher only (WW3) r 
and family only (WW2). Conversely, the weakest response 
came from the group of pupils who replied 'I just know' or 
'I have not even heard it said that wearing light clothing 
is healthier' (WW1). 
These findings seem to suggest how necessary it is to teach 
the primary school pupils adequate knowledge of clothing 
from an educational point of view. 
According to the figures obtained, the following profiles- 
were demonstrated in relation to the sub-groups defined by 
different wearing attitudes. 
The group consisting of office workers who intend to wear 
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light clothing was interpreted as those who: seldom. catch 
a cold during the winter perýod, attach importance to the 
ease of movement of clothing worn, take part in sport/joggýng 
regularly, rarely warm themselves using a footwarmer for 
long periods, practise rubbing the naked skin with a dry 
cloth, and do not attach ýmportance to the adequate warmth 
of clothing worn. Tn add; ýtion they are middle aged. 
In contrast to this, the opposite group was interpreted as 
containing those office workers who: often catch a cold,, 
do not attach impprtance to the ease of movement of clothing 
worn, seldom take part in sport/jogging, do warm themselves 
using a footwarmer for long periods, do not practise rubbing. 
the naked skin with a dry cloth and attach importance-to the 
adequate warmth of clothing worn. In addition, they are in 
their twenties. 
The suggestion obtained among the younger generation that their 
attitude to wearing less clothing is lower than in middle age 
might be reflected by the fact that keeping in good health 
is not such a serious matter for them. This obviously becomes 
more serious as one grows older. 
In the same way, the group of pupils who intend to wear light 
clothing was interpreted as those who: receive advice from 
f amily and primary school teachers to wear light clothing-, 
attach importance to the ease of movement of clothing worn, 
seldom catch a cold during -the winter period, do not attach 
importance to adequate warmth of clothing worn, rarely warm 
themselves using a footwarmer for long perýods, regularly 
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take part in physýcAl trainýng, e, g. sport after school 
hours, and do not attach importance to the aesthetic 
attributes of clothing worn. 
The opposite group was interpreted as containing those pupils 
who did not receive definite advice that wearing 1ýght 
clothing is healthier, do not attach importance to the ease 
of movement of clothing worn, of ten catch a cold in winter, 
attach importance to adequate warmth of clothing worn, 
warm themselves using a footwarmer for long periods, do not 
take part in physical training af ter school hours, and 
attach importance to the aesthetic attributes of clothing worn. 
The findings above are considered as showing a reasonable 
pattern. 
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CHAPTER SEVEN 
Experimental Proof *of, the! Effe'cts, of' WeAring Le's's 'on the 
Mainteftanc'e of Thetrftal Hdjtebýstatls' Agai*n's. f- Cold 
1 Tntro'ducti'on and Hyp'othe*ses 
In the previous chapter differences of personal human 
variables between 2 sub-groups were clarified with reference 
to their living- habits and clothing behaviour. The 2 sub- 
groups were those able to create comfort conditions with 
less clothing and those who must wear more to maintain comfort. 
Why can a- person regularly taking part in sporting activities 
but not using a footwarmer for long periods achieve thermal 
comfort with a low clo value for the clothing ensemble worn 
in winter? 
Some investigators have indicated experimentally that physical 
training promotes cold adaptation. This, along with other 
related mechanisms, is reviewed in Chapter One (see section 
1.2) 
Wearing light clothing itself probably contributes to give 
a continuing weak stress of cold to the human body that in 
turn may enhance cold adaptation. In this connection Nagata 
(1954) showed that the basal metabolism of a person who 
habitually wore light clothing was greater than for those 
who wore heavy clothing, more so in winter than 
in autumn. 
However, the physiological basis accounting for the ability 
for a particular group -of people 
to be comfortable wearing 1 ess 
clothing is not yet sufficiently knownr even 
in the area of 
thermophYsiOlOgY- 
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It is of great interest and signif icance to determýne the 
differences of the indxviduals belonging to the 2 groups as 
defined by different clothing behaviour and personal human 
variables in relation to their responses to skin temperature 
and thermal sensation when they are exposed to the conditions 
specif ied. 
On the basis of the background as discussed in Chapter Two 
it was hypothesized that habitually wearing less clothing 
will contribute to the maintenance of thermal homeostasis 
against cold. To Prove this, the following hypotheses were 
investigated in this chapter. 
(Cl) People who habitually wear less clothing will show 
skin temperatures approximating those of people who 
habitually wear more clothing under moderately high 
ambient temperatures so that both groups feel comfortable. 
(C2) People who habitually wear less clothing will be able 
to maintain comfortable skin temperatures even in the 
condition specified (ambient temperature of 18 
0C and 
clothing of 1.0 clo) whereas people who habitually wear 
more clothing feel cool an. d then cannot keep comfortable 
skin temperatures. 
For this purposer the experiments were designed to consist 
of 2 series, the first a field study in offices involving, 
female office workers. The other experiments involved female 
students in the laboratory in which ambient temperatures and 
clothing levels were spt up according to the conditions 
specýf ied. 
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The former field study referred to hypothesis Cl, the latter 
to both hypotheses Cl and C2. 
4 
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7.2 Sampling Prooedure 'and, Experimental Des'jIgn for the 2 
Sub-Grou'ps Dependlnýg on' Whether or Not They Habitually 
Wear Light Clothing 
Sampl, i, ng_ Pro: ce*du: re fo*r the: 2' S'qb-*Groups 
The subjects were split into 2 sub-groups defined as 
(a) those who habitually wear less clothing (ILI group) 
to maintain comfort conditions as well as possessing 
profiles approximating those of the ILI group in their 
personal human variables, and 
(b) those who must wear more clothing ('HI group) and have 
profiles approximating those of the 'H' group. 
For female office workers the former is expressed in terms 
of 'OL' group and the latter 'OHI group, while for female 
students ISLI group and ISH-IL group are used. 
In this way the subjects were chosen for both experiments 
in offices and the laboratory so as to satisfy the following 
conditions: 
Different standardised clo values for the clothing worn 
to maintain comfort conditions between the groups 
(2) Different profiles on personal human variables affecting 
clothing levels between the groups 
(3) Different numbers of colds caught during the winter 
period between the groups 
(4) Similarity in sex, age and Rohrer index of the subjects 
for the groups 
(5) For office-workers, similar ambient temperatures in 
their offices for the groups. 
Similarity in age, sex and Rohrer index (the primary 
factors) 
is required because we expect to explain the effective 
thermoregulatory response of the group who habitually wear 
light clothing in terms of their personallhuman variables 
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(the secondary factors) and number of colds caught. A 
similar Rohrer index for the 2 groups meant that subjects 
of average build could be included for each group. 
Whether an individual should belong to the 'L' group or 
the IHI group was based on the distribution of their standard 
clothing values. 25% of the total sample corresponded to 
the lowest clo value and was labelled the 'L' group, while 
a further 25% corresponded to the highest clo value and was 
therefore labelled the 'H' group. 
For the office experiment the subjects were 12 female office 
workers for each of the IOL' and IOHI groups. They were 
all in good- health and felt comfortable in their offices 
after they had been working there for 1 hour. Their ages 
ranged from 21 - 38 years. 
In order to choose the subjects, a list offering data 
described above was first made relating to 143 female office 
wokers who were employed in the 3 offices (nos. 001,003 
and 006, see Table 3.1) and ranged in age from 21 - 39 years. 
The 3 offices were those which gave their permission to 
measure skin temperatures of the subjects during working hours. 
The data were obtained from the survey conducted at the end 
of October, 1981. After that, follow up surveys were carried 
out 3 times before the subjects participated in this 
experiment at the end of January, 1982. 
For the laboratory experiment the subjects were 10 female 
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students for each of the ISLI and ISHI groups. They were 
all in good health on the day of the experiment and their 
ages ranged from 20 - 24 years. 
In order to actually choose the subjects, a pre-survey was 
made using a questionnaire for 162 female students taking 
lectures at universities in December, 1982. The questionnaire 
used was identical to that for the Japanese office workers 
(see Appe. adix 2) . From this, a list of data was made by 
screening the subjects. After that, follow up surveys were 
carried out twice before the subjects participated in the 
experiment at the beginning of February, 1983. The final 
10 subjects for each group, were chosen at random from 37 
candidates who qualified and wanted to act as subjects. 
Experimental Desiqn 
In the laboratory experiment there were 2 experimental groups 
of 10 subjects each, 5 subjects belong-ing to each of the 'SL' 
and 'SH' groups. The subjects were assigned at random to 
each of these groups. As shown in Table 7.1. on the first 
day of the experiment one experimental group was first 
exposed in the 18 
0C room and secondly in the 21 
0C room. The 
0 
other group was first exposed in the 21 C room and secondly 
in the 18 0C room on the following day. This aimed to 
eliminate the circadian variation of skin and 
body temperatures. 
The subjects wore clothing with 1.0 clo in the 
18 0C room and 
clothing with 0.8 clo in the 21 
0C room. 
An ambient temperature of 18C represents 
the recommended indoor 
winter temperature (see Introduction), and 
21 0C was interpreted 
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as the value approximating the mean ambient temperature 
recorded among offices containing Japanese office workers 
in winter (see Table 5.5). In the offices the mean clo value 
for the clothing worn by female office workers wag nearly 
1.0 clo (see Tables 5.7 and 5.14). Moreover, that for those 
belonging to the IOLI group was determined to be 0.78 clo 
(see Table 7.5) . On the basis of these data the experimental 
conditions specified were established so as to prove hypotheses 
Cl and C2. 
For the experiment lecture rooms at university, where it was 
relatively easy to keep a constant temperature, were chosen. 
The temperature control was conducted by means of gas stoves. 
In both rooms (18 0C and 21 0 C), moderate humidities and an air 
velocity of about 0.1 m/sec were recorded during the course 
of the experiments. 
As Humphreys (1975) has pointed out in his review, in climatic 
chamber experiments the subjects appear to be more sensitive 
to thermal factors than in field trials. one explanation for 
the present experiment being made in an ordinary room was to 
reduce embarrassment of the subjects exposing themselves with 
other subjects. Moreover, with a view to making the subjects 
relax, we gave a lecture on Great Britain during the experimental 
period. The topic proved to be of great interest to them. 
Subjects entered into the ante room (about 19.50C) 
30 minutes 
before exposure (to 18 
0 or 21 0 C) wearing the clothing ensembles 
specified (1 - 00 Or 0.8f clo) 
Thermistors were then stuck on 
to the 8 measuring points of the body surface with ventilated 
270. 
surgica tape by the experimenter. These sites were mentioned 
in more detail in Chapter Three (see section 3.5). During 
the exposure the subjects sat on a stool and listened to the 
author's lecture - At the end of the exposure they were asked 
to record their thermal sensations. Skin and oral temperatures 
of the subjects were measured at the same time according to 
the procedures described in Chapter Three. Subjects had a 
30-minute rest period between the exposures. 
The other experiment involving female office workers was 
conducted in their offices at the same time as the survey 
questionnaire at the end of January, 1982 (see Chapter Three). 
After taking lunch they entered an ante room at 13.00 hours 
where an explanation on the experiment was given. The subjects 
were dressed as they reported they would commonly be dressed 
in their offices in January. Eight thermistors were stuck on 
the measuring points of the body surface using ventilated 
surgical tape by an experimenter. At 13.30 hours they entered 
their own offices and worked in the normal way. Subjects 
were asked to record their thermal sensations on a simple 
questionnaire 1 hour after starting the experiment. Skin and 
oral temperatures of the subjects were measured at the same 
time according to the procedures described in Chapter Three 
(see section 3.5) . 
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7.3 A Comparison of Skin Tempeýrature's' 'Meas: ured, for' the 2 
Sub-Gro 's Who Felt Comfortable 
Anthropometrjc Data of the 5ubjects and AAbient 
Temperatures Measured in Their Offices 
12 female office workers aged between 21 and 38 years for 
each group were the subjects for this experiment. They were 
all in good health and felt comfortable in their offices. 
Anthropometric data of the subjects are given by each group, - 
together with t-values calculated for the groups in Table 7.2. 
None of the differences between the groups proved to be 
significant for any items listed, i. e. age, height, weight, 
body surface area and Rohrer index. 
Physical thermal parameters measured in the offices 
of subjects are given in Table 7.3. The mean ambient 
temperatures were 20.8 0C for the OH group and 20.2 
0C for 
the OL group, where the difference was proved not to be 
significant in the t-test. Again, no differences were 
obtained for those groups for relative humidity or air 
velocity. Those physical thermal parameters observed were 
in total agreement with those from the sample of 243 who 
were in good health and felt comfortable in winter (see 
Table 5.13) . 
(2) Profiles on Personal Human Variables of the Subjects 
and Clothing Worn by Them 
The values determined for personal human variables of the 
subjects are represented by each group in Table 7.4. In 
the table significance of differences between the groups_ 
are described by each variable according to the computed 
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t-value or chi-square value. 
The mean factor score obtained for the importance of ease 
of movement of clothing worn (F2) among the OL group was 
determined to be 0.31, which is statistically higher than 
that (-0.5 7) f or the OH group (t = 2.5 31 df =22, p<0.05) . 
Conversely, for the importance of adequate warrqth of 
clothing worn (F3) it was 0.21 among the OH group, which 
was statistically higher than that (-0.40) among the OL 
group (t = 2.21, df = 22, p <0.05). The results obtained 
show a reasonable pattern in the interpretation of those 
groups. 
With respect to the wearing attitudes (WA), living habits 
on sport (Ll), warming one's self using a footwarmer (L3) 
and number of colds caught during winter (Sl), the differences 
between the groups were proved to be significant in chi- 
square analysis. 
The profiles determined for each group in the personal human 
variables which characterised the 2 sub-groups conform with 
those in Chapter Six. 
The clo values estimated for the clothing ensemble worn by 
the subjects are represented by each group, together with 
those for the clothing of the lower half of the body and 
the upper half of the body in Table 7.5. In the table the 
t-values computed for the sub-groups are given in each case. 
At this stage it shourd be explained how to estimate the clo 
value for each of the lower half of the body and the upper 
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Table 7.5 Clo values for clothing worn by subjects of the 
2 sub-groups during the course of the experiment 
in their offices (female office workers) 
OL Group OH Group t-value 
Clothing worn . .. Mean + S. D... Mean ,+ , S. D. 
(df=22) 
Clo value for underwear 0.16 + 0.06 0.33 + 0.09 5.29** worn 
Clo value for clothing 
of the lower half 0.41 + 0.05 0.55 + 0.63 6.41** 
of the body 
Clo value for clothing 
of the upper half 0.37 + 0.09 0.67 + 0.11 7.49** 
of the body 
Actual clo value for 
clothing ensemble 0.78 + 0.06 1.22 + 0.14 10.24** 
worn 
Standardised clo value 
for clothing ensenble o. 81 + 0.05 1.27 + 0.15 10.08** 
worn (SCV) 
The sanple size is 12 for each group. ** p< 0.01 
The 'SCV' rrieans that value obtained when age, Rohrer 
index and ambient temperature are adjusted to 30 years,, 
130 and 209C respectively. 
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half of the body in the case of a garment covering both parts. 
For instance, the clo value for a slip on the upper half of 
the body is based on the value of the slip with an appropriate 
reduction in value in relation to the reduced area of body 
covered. 
The mean SCV for the OH group was determined to be 1.27 clo 
with a standard deviation of 0.15 clo, which is statistically 
higher than that for the OL group of 0.81 clo with a 
standard deviation of 0.05 clo (t = 10.08, df = 22, p< 0.01). 
I 
These findings were again confirmed by the actual clo values 
estimated between those groups (t = 10.24 j, df = 22,, p<o. ol) . 
In both clo values for the clothing worn for the lower half 
of the body and the upper half of the body, those estimated 
for the OH groups are again statistically higher than for 
the OL group (t = 6.41, and 7.49, in both cases df = 22F 
p< 0.01). In addition, the mean clo value for the underwear 
worn by the subjects belonging to the OH group was determined 
to be 0.33 clo, while that for the OL group was 0.16 clo. 
The difference was proved to be significant (t = 5.29, 
df = 22, p <0.01). 
To summarise, between the 2 sub-groups there were no differences 
in ambient temperatures in the offices of the subjects or in 
their anthropometric data, but significant differences were 
proved in the personal human variables which characterised 
those groups, and the clo values for the clothing worn by 
them to create comfort- conditions in their offices. Thus, 
the findings above are in total agreement with the conditions 
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of the subjects for this experiment as discussed in 
Section Two. 
(3) AComparison of Skin Temperatures' Measured' for 'the 2 
Sub-Groups in Their Offices 
Thermal sensation values voted by the subjects in their 
offices for the whole body and localised parts are represented 
by each group in Table 7.6 which shows the mean, standard 
IF deviation and t-value calculated for the groups. 
For the OL group the mean thermal sensation value for the 
whole body was determined to be 4.1, which was almost the 
same as that for the OH group (4.2). Both values correspond 
to neutral on the ASHRAE scale. 
The t-values calculated for the 2 groups for the thermal 
sensations of the 7 parts of the body, i. e. Pl - P6 and P8, 
were proved to be not significant. However, the mean value 
voted for the legs (P7) among the OL group was 3.8, being 
statistically higher than that (3.3) among the OH group (t = 2.13, 
df = 22, p< 0.01). 
The raw data from the response for 'legs' showed that among 
the OL group 2 subjects voted for 'slightly warm', 4 for 
'neutral' and 3 for 'slightly cool', while among the OH group 
there was no response for 'slightly warm', 4 for 'neutral', 
7 for 'slightly cool' and 1 for 'cool'. 
A similar trend as that shown for the legs (P7) was observed 
for thighs (P6), although the difference between the groups 
was proved to be not significant. 
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At first sight, the lower sensation values observed among 
the OH group in the lower half of the body may be interpreted 
as being contradictory due to the fact that the clo value 
for the clothing of the lower half of the body among the OH 
group was determined to be higher than that for the OL group. 
However, these findings could be attributed to differences 
of physiological properties of the 2 types of individuals. 
This will be confirmed by the responses of skin temperature 
in the following investigation. 
Skin temperatures measured for the 8 parts of the body, 
average skin temperature and oral temperature are given for 
each group in Figure 7.1, which shows the mean value obtained- 
among the 12 subjects with a range of standard deviation (the 
vertical bar). 
In the graph, the difference of significance in the actual 
values between the groups is represented by the asterisk based 
on the calculated t-value, as indicated in parentheses. 
The average skin temperature (TA) was calculated as a 
weighted average of observations taken over the body surface 
(see Chapter Three). TA is therefore identical with the 
definition of the mean skin temperature as represented in 
Chapters One, Two and Three. 
For the OL group, the mean skin temperature of the trunk was 
0 
determined to be 35.0 C (an average of T2 and T3) , -showing 
the highest value among those measured for the localised parts 
of the body. This temperature was--followed 
by 34.1 0C for 
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the upper arms, 33.5 0C for the forearms, 32.5 0C for the 
thighs, 31.6 0C for the legs and 28.6 0C for the feet. 
Distributions of skin temperature at each part of the body 
can be seen to show reasonable patterns. 
For the OH group, normal distributions of skin temperatures 
measured over the parts of the body were again observed, 
although a significantly lower skin temperature was found 
in the legs compared with that for the OL group. The mean 
skin temperatures were: 35.2 0C for the trunk, 34.2 0C for the 
upper arms, 33.3 0C for the forearms, 32.2 0C for the thighs, 
30.6 0 C. for the legs, 28.1 0C for the feet and 33; -6 
0C for the 
forehead. 
For the average skin temperature, almost the same values 
(33.2 0C and 33.1 0 C) were determined for each group. The 
value could be seen to lie within the region of comfortable. 
The t-values calculated for the 2 groups for the skin 
temperatures of 7 parts of the body, i. e. Pl - P6 and P8, 
were proved to be not significant. However, the mean value 
obtained for the legs (P7) among the OL group was 31.6 
0CJ, 
which was statistically higher than that (30.6 
0 C) for the 
0 
OH group with the difference of 1.0 C (t = 2.26, df = 22, 
p<0.05) The findings of the skin temperature variations 
at localised parts of the body favourably support those 
for 
the thermal sensations voted by the subjects. The mean oral 
temperature determined for both groups was estimated to 
be 
37.0 0 C. which was cons-idered to be a normal value. 
2849 
Thus, the findings obtained for the female office workers 
supportthe first part of hypothesis Cl. 
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7.4 Differences of the 2 Sub-Groups in' theý Skin 
Temperatures and The'rmal &ensatlons Unde'r' Conditions 
bpecitied in the' Laboratoýry 
Anthropometric Data and Profiles'on Personal 
Variables of the Subjects 
10 female students aged between 20 and 24 years for each 
group were the subjects for this experiment. They were 
all in good health on the day of the experiment. 
Anthropometric data of the subjects are given by each group, 
together with t-values calculated for the groups in Table 
7.7. None of the differences between the groups was proved 
to be significant for any items listed, i. e. age, height, 
weight, body surface area and Rohrer index. 
The values determined for personal human variables of the 
subjects and standardised clo values for the clothing ensemble 
worn by them are represented by each group in Table 7.8. In the 
table the significance of difference between the groups is 
shown by each variable based on the computed t-value or chi- 
square value. 
Determinations for each variable were ascertained at the end 
of Ja nuary, 1983 before the subjects participated 
in this 
experiment at the beginning of February, 1983. Accordingly, 
the number of colds caught were those caught 
during the 3 
month period from lst November, 1982. The 
SCV was determined 
for each subject taking lectures. 
The mean factor score _obtained 
for the -importance of ease of 
movement of clothing worn 
(F2) among the SL group was 
determined to be 0.44, which is statistically 
higher than 
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that (-0.43) among the SH group I (t = 3.55, df = 18, p<O. ol) . 
Conversely, for the importance of adequate warmth (F3) it 
was determined to be -0.52 for the SL group. This value 
was statistically lower than that (0.37) for the SH group 
(t = 3.98, df = 18, P< 0.01). The results can be seen to 
show a reasonable pattern to explain the difference between 
the groups. 
With respect to wearing attitudes (WA), living habits on 
sport (Ll) , warming one's self using a footwarmer (L3) , and 
number of colds caught during winter (Sl), significant 
differences were proved between the groups. The profile 
determined for each group again shows reasonable patterns. 
The mean SCV for the SL group was determined to be 0.85 clo 
with a standard deviation of 0.03 clo, which was statistically 
lower than that for the SH grouip, which was 1.30 clo with a 
standard deviation of 0.09 clo (t = 15.24, df = 18, p<0.01) . 
Thus, the subjects chosen for each sub-group were interpreted 
as those being satisfied with conditions which should be 
provided for the purpose of this experiment, as discussed in 
Section Two. 
(2) Results Obtained From 1 Hour Is Exposure to an Ambient 
Temnerature of 210C Of Those Subiects Who Wore Clothin 
With a Clo Vaiue Of 0.8 
Thermal sensation values voted by the subjects in the 21 0C 
room for the whole body and localised parts are represented 
by each group in Table-7.9 which shows the mean, standard 
deviation and t-value calculated for the groups. 
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The mean thermal sensation values for the whole body were 
4.4 for the SL group and 3.1 for the SH group. Both values 
fell within the 'comfortable' zone, but the difference was 
statistically significant (t = 4.57, df = 18, p<o. 01) . In 
this case, among the SL group, 6 subjects voted for 'neutral' 
and 4 for 'slightly warm', whilst among the SH group 5 for 
Islightly cool', 3 for 'neutral' and 2 for 'cool'. Such a 
difference between the groups is confirmed more precisely by 
observations of the local thermal sensations. 
In the trunk, forehead and upper arms the 2 sub-groups both 
recorded thermal sensations close to 'neutral' on the 
ASHRAE scale. However, inconsistent behaviour-was observed 
for the lower half of the body. For that part the SL group 
voted for 'neutral' whereas the SH group voted for 'slightly 
cool'. The differences in the thighs, legs and feet were 
all significant at the 1% level where 'the t-values were 
4.16,4.99 and 4.13 (df = 18 in each case) . 
Skin temperatures measured for the 8 parts of the body, 
average skin temperature and oral temperature are given by 
each group in Figure T. 2 which shows the mean value obtained 
among the 10 subjects with the range of standard deviation 
(the vertical bar). In the graph the difference of significance 
in the actual values between the groups is represented, by 
the asterisk based on the t-value as-indicated in parentheses. 
The average skin temperature for the SL group was determined to 
be 33.4 0C with a stand7ard deviation of 0.3 
0 C, which is 
statistically higher than that for the SH group of 
32.1 0C 
292v 
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with a standard deviation of 0.5 0C (t = 6.85, df = 18, 
p<0.01) . The value obtained for the former group fell 
just within the 'comfortable' zone, but that for the 
group was the lowest value to be enclosed within the 
region of 'comfortable'. The findings are in agreement 
with those for the thermal sensations voted by the subjects 
for the whole body. 
This behaviour will be confirmed in more detail by 
distributions of the skin temperatures measured for the 
localised parts of the body. For the SL group the mean skin 
temperatures obtained for each part were: 34.90C for the 
trunk (an average of T2 and T3), 34.2 0C for the upper arms, 
33.9 0C for the forearms, 33.0 0C for the thighs, 31.9 0C for 
the legs and 28.8 0C for the feet. For the SH group those 
temperatures were 34.8 
0C for the trunk, 33.7 0C for the upper 
arms, 32.7 0C for the forearms, 30.9 
0C for the thighs, 29.0 0C 
for the legs and 25.7 0C for the feet. For the 6 parts 
(Tl and T4 - T8) skin temperatures for the SL group were 
statistically higher than those for the SH group. The 
differences between the groups for the lower half of the 
body were much bigger than those for the other parts. These 
findings are again in agreement with their local sensations 
voted by them. 
on the other hand, as it was assumed, the mean oral 
temperature measured for the SL group was calculated to be 
37.0 0 C, which is equal_to that for the SH group. The value 
can be seen to be the normal oral temperature. The results 
obtained from a laboratory study are interpreted to support 
294. 
those from a field study discussed previously, and clearly 
support hypothesis Cl. 
(3) Results Obtained f rom 1 Hour Is Ex*posure' to' an Ambient 
Temperature of 180C of Those Subjectsý Who Wore' Clothing 
With a Clo Value of 1.0 
Thermal sensation values voted by the subjects in the 18 0C 
room for the whole body and localised parts are represented 
by each group in Table 7.10 which shows the mean, standard 
deviation and t-value calculated for the groups. 
The mean thermal sensation value for the whole body was 
determined to be 3.5 for the SL group, however, it was 
only 2.4 for the SH group. The difference was statistically 
, significant (t =4- 71 df = 18, p<0.01) . In this case, among 
the SL group 5 subjects voted for 'neutral' and the remainder 
I slightly cool', whilst among the SH group 6 voted for 'cool' 
and 4 for 'slightly cool'. From this evidence it is apparent 
that subjects belonging to the SL group could maintain comfort 
conditions after they had been in the 18 
0C room for 1 hour 
with clothing of 1.0 clo, however, those belongingto the 
SH group felt cold discomfort under the conditions specified. 
The data obtained on the whole body were analysed more 
precisely according to the local sensation values. In all 
of the 8 parts of the body examined significant differences 
were found between the groups at the 1% level, namely the 
mean sensation values obtained among the 5L group were without 
exception higher than those for the SH group. Even in the 
trunk the mean value for the SH group was determined 
to be 2.8 (an average of $2 and S3), which is slightly lower 
295. 
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than the region of 'comfortable' on the ASHRAE scale. 
Among the SL group, however, it was determined to be 3.9, 
corresponding to neutral on that scale. More extreme 
conditions were observed in the legs and feet for the SH 
group. The mean sensation values were 1.8 with a standard 
deviation of 0.8 in the legs and 2.0 with a standard 
deviation of 0.7 in the feet. 
There were 4 subjects who voted for 'cold' in the legs. 
When asked which part of the legs felt cold they indicated 
that part covered only with thin nylon tights between the 
knee-high socks and skirt, while there were 2 subjects who 
voted for 'cold' in the feet. One explanation for the fact 
that more subjects felt cold in the legs than in the feet, 
in spite, of the feet being an extremity of the body, could 
be attributed to the amount of clothing covering those parts. 
The clothing ensemble worn was constructed of thick knee- 
high socks made of a nylon and wool mixed fibre on top of 
thin nylon tights, as well as pants, girdle, slip, thick 
skirt and leather shoes. On the other hand, for the SL 
group the mean sensation values were determined to be 3.3 
for the legs and 3.5 for the feet. Both values still fell 
within the region of 'comfortable'. In fact, there were no 
subjects who voted for 'cold' at all. 
The data obtained on thermal sensations will be confirmed 
by the skin temperatures measured at the same time as the 
sensation values for ýdentical parts of the body. 
Skin temperatures measured for the 8 parts of the body, 
297. 
average skin temperature and oral temperature are given by 
each group in Figure 7.3 which shows the mean value obtained 
among the 10 subjects with a range of standard deviation 
(the vertical bar) . 
In the graph the difference of significance in the actual 
values between the groups is represented by the asterisk 
based on the calculated t-value as indicated in parentheses. 
The average skin temperature among the SL groups was 
determined to be 32.4 0C with a standard deviation of 0.6 0 C. 
This value could be seen to lie within-the region of 
' comf ortable I. 
For the SH group, however, that value was 30.0 0C with a 
standard deviation of 0.7 0 C, which falls out of the region 
of 'comfortable'. These findings are in agreement with 
those for the thermal sensations voted by the subjects for 
the whole body. 
Moreover, in the mean skin temperatures measured for the 8 
parts of the body, those for the SL group were all 
statistically higher than those for the SH group . The 
temperatures determined for the SL group were: 32.5 0C for 
the forehead, 34.8 0C (an average of T2 and T3) for the trunk, 
34.1 0C for the upper arms, 32.9 0C for the forearms, 31.6 0c 
for the thighs, 29.3 0C for the legs and 26.3 0C for the feet. 
Those for the SH group were: 31.4 0C for the forehead, 33.4 0c 
for the trunk, 32.8 0C for the upper arms, 30.8 0C for the 
forearms, 28.8 0C for the thighs, 25.4 0C for the legs and 
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21.0 0C for the feet. The t-values calculated between the 
groups for these parts were: 8.37 (T2), 6.15 (T3), 5.24, 
8.18,6.43,6.70 and 9.53 respectively. The significance 
levels were proved to be 1% in all cases (df = 18). The 
difference in skin temperature between the groups for the 
feet was 5.30C showing the largest variation of any of the 
measuring points. This was followed by 3.9 0C in the legs 
and 2.8 0C in the thighs. It is obvious that the values measured 
among the SH groups for the lower half of the bo-dy, in 
particular for the legs and feet, are out of the region of 
the normal skin temperatures that subjects find comfortable. 
This finding conformed with those for the thermal sensations 
voted by the subjects. 
On the other hand, the mean oral temperatures were 37.0 0c 
for the SL group and 36.9 0C for the SH group, where no 
significant difference was found between the groups. We 
can regard both values as normal. This means that no ill 
effect upon internal temperature was induced even for the 
subjects belonging to the SH group. 
From this, it was concluded that the subjects in the SL 
group were able to maintain comfortable skin temperatures 
even in the condition specified (ambient temperature of 
18 0C and clothing of 1.0 clo) whereas those for the SH 
group could not. 
Thus, the findings in this section clearly support hypothesis 
C2. 
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'CHAPTER EIGHT 
The Relationshi p Between' AluoUn't of Clothin'g Wor 
and the Rate of Cat'chin' g' 'a Cold 
8.1 Introduction and' Hypoltheýses 
In the previous chapter it was found that the subjects who 
habitually wear less clothing could maintain comfortable skin 
temperatures even in the cold, whereas the subjects who 
habitually wear more clothing could not. 
From this, it was hypothesized that enhancing the body's 
tolerance to cold by means of wearing less clothing will 
contribute to an increased resistance to colds. Accordingly, 
the following hypotheses were investigated in this chapter. - 
(Dl) People who habitually wear less clothing will catch 
fewer colds during the winter than those who habitually 
wear more clothing. 
(D2) For primary school pupils, those who habitually wear 
less clothing will have fewer days absence due to 
illness during the winter than those who wear more 
clothing. 
The reason for 'number of colds caught' being taken up is 
that the present study is concerned solely with the cold 
season. 
There seems to be little published data on the relationship 
between amount of clothing worn and the rate of catching a 
cold in relation to adults and primary school pupils to 
be 
investigated in this study. 
As the index of the clothing level the standardised clothing 
I 
301, 
value (SCV), adjusted for ambient temperature and 
physiological human variables of the subjects, were applied 
for the analysis. 
302. 
8.2 Subjects for 'the 3 Sub-'Gtoup: sý Defin'ed by Levels, of 
Clothing Worn 
The subjects who took part in this investigation were all 
in good health and felt comfortable in their offices or 
classrooms. The sample sizes were: 283 Japanese office 
workers in autumn and 243 in winter; 564 Japanese primary 
school pupils in autumn and 408 in winter. Their 
anthropometric data have been shown in Tables 5.11 and 5.12. 
On the basis of distributions of the SCV among the subjects, 
clothing levels were classified in the 3 categories 'light', 
'medium' and 'heavy'. The SCV for the 3 categories are 
represented by season and population, together with number 
of subjects belonging to each category in Table 8.1. Each 
of the sub-groups is expressed in terms of IOL group', 'OM 
group' and 'OH group' for the office workers, while IPL 
group', IPM group' and 'PH group' are used for the school 
pupils. 
3Q3. t 
Table 8.1 Standardised clothing values for the 3 
groups (Japanese office worker and school pupil) 
Standardised clothing 
Season 
- Sub-group Nurber. Value (SCV) 
OL Group 75 0.69 clo, and below 
Autumn OM Group 150 0.70 clo - 0.99 clo 
OH Group 58 1.00 clo and over 
offi k ce wor er 
OL Group 56 0.79 clo and below 
Winter OM Group 156 0.80 clo - 1.09 clo 
OH Group 31 1.10 clo and over 
PL Group 56 449 g. and below 
Autumn PM Group 439 450 g. - 799 g. 
PH Group 69 800 g. and over 
School pupil PL Group 49 499 g. and below 
winter PM Group 304 500 g. - 899 g. 
PH Group 55 900 g. and over 
The SCV for office workers (clo) indicates that value 
obtained when age, Rohrer index and ambient temperature 
are adjusted to 30 years,, 130 and 200C respectively. 
g ra indicates that value The SCV for school pupils (/ 
obtained when ', '?, ohrer index and ambient temperature 
are adjusted to 120 and 180C respectively. 
304. 
8.3 Difference Between the 3 Sub-Groups in the Number of 
Colds Caught During the Winter Period 
To investigate the relationship between the amount of 
clothing worn and the number of colds caught during winter, 
the SCV for both winter and autumn were taken up as clothing 
levels. The reason for this depends on the fact that wearing 
light clothing in autumn has been shown to increase basal 
metabolism in winter (Nagata, 1954). 
Figures 8.1 and 8.2 show percentage distributions of the 
number of colds caught during the winter period by each of 
the 3 sub-groups defined by the clothing worn by the office 
workers. In the graph significance of differences between 
the groups are described according to chi-square analysis. 
For the sub-groups chi-square values were determined for the 
3 categories on the number of colds caught: 13.01 (df = 4, 
p< 0.01) for the clothing worn in autumn (Figure 8.1), and 
12.7 3 (df =4j, p<0.01) f or that in winter (Figure 8.2) , both 
of which, as would be expected, are significant. 
To make the differences more apparent, a chi-square test 
was again performed for each pair of the sub-groups by each 
category using the 2x2 table, and the significance of 
difference is also given based on the chi-square value 
obtained in the figure. 
With respect to the clothing levels in autumn, the rate of 
not catching a cold during the winter period among the 
OL 
group was determined t6 be 73.3% of the total, while 
that 
among the OH group only 53.4%. The difference was proved 
% 
OL Group OM Group 
2 
X 13.01** (df=4) 
OH Group 
Differences between each pair of sub-groups by each category 
None 
OL Group I 
NS 
I 
OM Group 
NS 
OH Group -- 
II 
ns p>0.05 
One 
Not significant 
between all pairs. 
Two or More 
-- -1 
NS 
«1*1 
NS 
-- 
,-1 
*p<0.05 ** p<0.01 
Figure 8.1 A ccinparison of the rate of colds caught during the 
winter period between 3 sub-groups defined by levels 
of clothing wom by Japanese office workers in autum. 
Sample sizes and clothing levels for each sub-group are 
as in Table 8.1. 
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% 
OL Group OH Group OM Group 
2 
= 12.73** (df=4) 
Differences between each pair of sub-groups by each category 
None One Two or more 
OL Group -I-I 
OM Group 
NI Not significant 
NS 
between all pairs 
OH Group 
ns P> 0.05 *p< 0.05 p<0.01 
Figure 8.2 A comparison of the rate of colds caught during 
the winter period between 3 sub-groups defined by 
levels of clothing worn by Japanese office workers 
in winter. 
Sample sizes and clothing levels for each sub-group 
are as in Ta'ble 8.1. 
2+ 1 2+ 1 2+ 
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to be significant ( X2 = 4.82,, df = 1., p< 0.05). The 
reverse was true in the rate of catching a cold 2 or more 
times. It was 15.5% among the OH group, which is 
statistically higher than that for the OL group, where only 1.3% 
(x 2=7.53, df = 1, p< 0.01) was recorded. 
Any differences between the OM group and the other sub- 
groups were determined to be not significant. 
similar analysis was done relating to the clothing worn 
in winter. The rates of not catching a cold during winter 
were determined to be 66.1% for the OL group, 62.8% for the 
OM group and only 38.7% for the OH- group. The differences 
between the OH group and each of OL and OM are statistically 
significant. The chi-square values were 5.01 (df = 1, 
P< 0.05)., and 5.25 (df = 101 P< 0.05). 
Conversely, the rates of catching a cold 2 or more times 
were 19.4% for the OH group, but only 3.6% for the OL group 
and 5.1% for the OM group. The differences between the OH 
group and each of the OL and OM groups are again statistically 
significant. The chi-square values were calculated as 4.21, 
(df = 1, p< 0.05) and 5.64 (df = 1j, p <0.05) respectively. 
In the rate of catching a cold once, no significant differences 
were found among the 3 sub-groups, this result being identical 
to the results obtained for the clothing worn in autumn. 
Thus, the findings support part of hypothesis DI. 
Subsquently, a similar investigation was performed with 
reference to the school pupils, as shown in Figures 
8.3 
91- 0 
PL Group PM Group 
x2= 36.94** 
'(df=4) 
PH Group 
Differences between each pair of sub-groqus by each category 
None 
PL Group 
PM Group 
PH Group 
ns p>0.05 
one Two or more 
I 
Not significant Nb 
between all pairs 
< 0.05 ** p<0.01 
Figure 8.3 A conparison of the rate of colds caught during 
the winter period between 3 sub-groups defined by 
levels of clothing worn by Japanese school pupils 
in autum. 
The sample sizes and clothing levels for each sub- 
group are as in Table 8.1. 
Number ot Colds Caught 
308. 
309. 
and 8A .: 
As would be expected, high chi-square values were obtained 
for the percentage distributions of the number of colds 
caught during winter among the 3 sub-groups defined by the 
clothing worn in either season. The values were 36.94 
(df = 4) for the clothing worn in autumn (Figure 8.3) and 
24.48 (df = 4) for that worn in winter (Figure 8.4), which 
were both significant at the 1% level. 
Regarding the clothing level in autumn, the rates of not 
catching a cold during the winter period were found to be 
69.6% among the PL group, 50.6% for the PM group, but only 
23.2% for the PH group. The differences between those 
rates were all proved to be statistically significant. The 
rate obtained for the PL group (69.6%) was higher than that 
(50.6%) for the PM group (X 
2=6.50, df = 1, p-ý0.05), which 
were both higher than that (23.2%) for the PH group. The 
chi-square values were 25.22 (df = 1, p<0.01) between the 
PL and PH groups . and 16.89 (df =1j, p<0.01) between the 
PM and PH groups. 
Conversely, the rate of catching a cold 2 or more times 
among the PH group was determined to be 49.3% of the total, 
which was statistically higher than that for the other 2 
groups. It was 23.0% for the PM group, and only 10.7% for 
the PL group. The chi-square values were 19.39 
(df = 1, p < 0.01) between the PL and PH groups and 19.76 
(df = 1, p < 0.01) between the PM and PH groups. 
Number of Colds Caught 310. 
% 
PL Group PM Group 
X2 = 24.48** (df --4) 
None 
PL Group I 
NS 
I 
PM Group 
PH Group 
Differences between each pair of sub-groups by each category 
ns p>0.05 
one Two or more 
Not significant 
between all pairs. 
*<0.05 
PH Group 
p 0.01 
Figure 8.4 A copparison of the rate of colds caught during, 
the winter period between 3 sub-groups defined-by 
levels of clothing wom by Japanese school pupils 
in winter. 
The sanple sizes and clothing levels are as in 
Table 8.1. 
01 2+ 01 2+ 1 2+ - 
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The behaviour demonstrated will again be confirmed by the 
relationship of the clothing worn by the school pupils in 
winter to the rate of colds caught. 
The rates of not catching a cold during winter were 
determined to be 71.4% among the PL group, 55.6% for the 
PM group, and only 38.2% among the PH group. Sý, gnificant 
differences were found between the PH and each of the other 
groups. The chi-square values were 10.2 3 (df = 1, p<0.01) 
between the PL and PH groups and 4.9 9 (df = 1, p<0.01) 
between the PM and PH groups. The rate for the PH group 
(38.2%) was lower than that for the other sub-groups. 
The reverse was true in the rate of catching a cold 2 or 
more times. For the PH group the rate accounted for 38.2%, 
which was statistically higher than that for the other 2 
groups, where it was 14.5% for the PM group and only 10.2% 
for the PL group. The chi-square values were calculated 
as 9.3 8,, (df = 1,, p<0.01) between the PL and the PH groups,, 
and 16.09 (df = 1, p<0.01) between the PM and PH groups. 
In the rates of catching a cold once, no significant 
differences were found among the 3 sub-groups in either 
clothing levels worn in autumn or winter. These findings 
are in agreement with those obtained among the office worker 
group. 
It will be noticed that a closer relationship of the clothing 
worn to create comfort -conditions to the number of colds 
caught was obtained among the school pupils than the adults-. 
The findings support part of hypothesis Dl. 
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8.4 DifferenCe of Number of Day Absent from S. chool Due to Illness During, theý Winter Period Between' 'the *3 Sub'-Groups 
Figures 8.5 and 8.6 show percentage distributions of the 
number of days absent from-school due to illness during the 
winter period by each of the 3 sub-groups defined by the 
clothing worn by the school pupils. In the graph significance 
of differences between the groups are described according to 
the chi-square analysis. 
For the sub groups chi-square values were determined for the 
3 categories on the number of days absence: 19.52 (df = 4, 
p<0.01) for the clothing worn in autumn (Figure 8.5) and 
12.34 (df = 4, p<0.05) f or that in winter (Figure 8.6) , 
which are both significant. 
With the clothing worn in autumn, the rate of 'non-absence 
from school' on account of illness among the PL group 
accounted for 78.6% of the total, that for the PM group 64.0%, 
but only 43.5% for the PH group. The differences. between 
those rates were all proved to 'be significant. The rate 
for the PL group (78.6%) was higher than that (64.0%) for 
the PM group (X2=4.05, df = 1, p<0.05) and both rates 
were higher than that (43.5%) for the PH group. The chi- 
square values were 14.34 (df = 1, p<O.. Ol) between the PL - 
and PH groups, and 9.74 (df = 1,, p -1- 0- 01) between the PM 
and PH groups. 
Conversely, the rate of absence f or 2 or more days among 
the PH group was determined to be 44.9% of the total, which 
was statistically higher than those for the other 
2 groups. 
313. 
% 
PM Group 
x= 19.52** (df=4) 
PH Group 
Differences between each pair of sub-groups by each category 
PL Group 
None 
PL Group 
PM Group 
PH Group 
ns p>0.05 
One Day 
Not significant 
between all pairs 
*<0.05 
Two Days or More 
11 
NS 
** < 0.01 
Figure 8.5 A comparison of the rate of absence fram school 
due to illness during the winter period anmg 3 
sub-groups defined by levels of clothing worn 
by Japanese school pupils in autum. 
The, sample sizes and clothing lev-els for each sub- 
group are as in Table 8.1. 
Number of days absent from school 
314. 
Number of days absent frcm school 
PL Group PM Group PH Group 
x2= 12.34* (df=4) 
Differences between each pair of sub-groups by each category. 
None 
PL Group 
PM Group 
PH Group 
one 
Not significant 
between all pairs 
Two days or more 
NS 
ns p>0.05 *<0.05 ** < 0.01 
Figure 8.6 A cornpariscn of the rate Of absence frCm school 
due to illness during the winterperiod among 3 
sub-groups defined by levels of clothing worn by 
Japanese school pupils in winter. 
The sample sizes and clothing levels for each sub- 
group are as in Table 8.1. 
2+ 1 2+ 1 2+ 
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It was 25.1% for the PM group and 14.3% for the PL group. 
The chi-square values were 12.13 (df P< 0.01) between 
the PL and PH groups, and 10.7 8 (df P<0- 01) between 
the PM and PH groups. 
The findings will be confirmed by the relation of the 
clothing worn in winter to the number of days absence. 
The rate of 'non-absence from school'-due to illness among 
the PL group accounted for 83.7%, that for the PM group 
67.8%, and 52.7% for the PH group. The differences between 
those rates in each pair of 3 sub-groups were all proved 
to be significant. The rate for the PL group (83.7%) was 
higher than that (67.8%) for the PM group (X 
2=4.36, 
df = 1, p< 0.05), both rates being higher than that (52.7%) 
for the PH group. The chi-square values were 9.92 (df = 1, 
p< 0.01) between the PL and PH groups and 4.02 (df = 1, 
p< 0.05) between the PM and PH groups. 
Conversely, the rate of absence for 2 or more days for the 
PH group was calculated to be 34.5% of the total, that for 
the PM group 22.4%, but only 8.2% for the PL group. The 
rate obtained among the PL group was statistically lower 
than those for the other 2 groups. The chi-square values 
were computed as 4.41 (df = 1, p<0.05) between the PM and 
PL groups, and 9.00 (df = 1, p<0.01) between the PH and 
PL groups. 
In the rates of-absence for one day, no significant 
differences were found among the 3 sub-groups in either 
316. 
case of clothing levels in autumn or winter. This behaviour 
is similar to that for the number of colds caught during 
the winter period, and is interesting. 
Thus, the findings clearly support hypothes; ýs D2. 
317. 
CHAPTER 
_NTNE 
B'e'neffclal ýRe; sult. sý 'of PriMax", y Schciolsý Whe; re:. -p: upýjýjs Are 'Gulded Ncit tbý WeAr ExýCettý Cloýthlnq 
9.1 ' Introlduction and Hyýpotheýses 
In Chapter Six, profiles on personal human'variables for 
the 2 sub-groups, depending on whether or not they 
habitually wear light clothing, were outlined. The effects 
of habitually wearing less clothing were demonstrated in 
Chapters Seven and Eight. 
In this chapter the effects of the primary schools where 
pupils are guided not to wear excess clothing (IGI school) 
were investigated by comparison with those of the primary 
schools where no guidance on clothing is given (N' school). 
Hypotheses established were: 
(El) Pupils from the IGI schools will wear less clothing. 
(E2) Pupils from the IG' schools will catch fewer colds 
during the winter than those from the IN' schools. 
(E3) Pupils from the IG' schools will have fewer days 
absence. due to illness durinq the winter than those 
from the 'N' schools. 
(E4) Pupils from the 'G' schools will have profiles 
approximating those of the group who are able to 
maintain comfort conditions with light clothing, while 
pupils from the IN' schools will have profiles 
approximating those of the group who wear more clothing 
in their personal human variables in relation to 
hypotheses B-1 to B6. 
318. 
The characteristics relating to hypothesis E4 are those of 
the IL' Group and IHI Group as clarified in Chapter-Six. 
319. 
9.2 Subjects From 2 Types Of Primary School Depending On 
I Whether or Not Zuidance on Clothing is Gýven 
The subjects who took part in this investigation were 630 
Japanese primary school pupils from 4 IGI schools and 
877 from 6 IN' schools. The sample sizes are Oven by sex 
in Table 9.1. Anthropometric data of the subjects are as 
in Table 5.2. 
In some schools pupils were required to wecar a school 
uniform. These areireferred to as 'uniform' schools. Those 
schools where pupils do not wear a school uniform are 
referred to as 'non-uniform' schools. 
The sample consisted of 4 'GI schools, 2 of which were 
'uniform' and 2 bon-uniform' , and 6 'NI schools, 
3 being 
'uniform' and 3 'non-uniform'. 
320. 
Table 9.1 Number of subjects belonging to the 2 types 
of primary school. 
'Non- 
Unifom Unifom' R)hrer Index 
Type of School Sex ... . 
School, School- Total. .. Mean + S. D. 
G'School Girl 168 137 305 120.3 + 14.1 
Boy 173 
. 
152 
.. . 
325. 122.6 + 13.7 
Total 341 . 
289 630 
. 
122.0 +13.9 
N& School Girl 213 205 418 123.4 + 16.3 
Boy 220 239 . 
459 
. .. 
126.3 +. 17.8 
Total 433 444. 877 124.9 +. 17.2 
'G' school: Schools where pupils are guided not to wear 
excess clothing. 
'N' school: Schools where no guidance on clothing is 
given. 
The sample size is 1507,723 girls and 784 boys. Identical 
subjects participated in both surveys in auturrn and winter 
so that the total sanple size was 3,014. 
321, 
9.3 Clothing Weights, Ambient Temperatures'and Thermal 
Sensation Values Determined for Rupj, 'ls From the 2 
Types Of School 
The weights for clothing actually worn by the school pupils 
when they are taking lessons in their classrooms and the 
standardised clothing weights (SCV) are represented by type 
of school and season in Table 9.2. in the table -t-values 
calculated for the schools are also shown. 
The mean SCV for the IG' school was determined to be 727 g/m 
2 
with a standard deviation of 173 g/m 
2 
in winter and 640 g/m 
2 
with a standa . rd deviation of 156 g/m 
2 
in autumn, while among 
the 'N' school those were 77 9 g/ Im2 with a standard deviation 
of 178 g/m 
2 in winter and 685 g/m 
2 
with a standard deviation 
of 168 g/m 
2 in autumn. 
In both seasons the SCV for the 'G' school are significantly 
lower than those for the IN' school. The t-values were 
5.6 8f or 'winter (df = 1505, p<0.01) and 5.3 3f or the autumn 
(df = 1505, p< 0.01). 
For the actual clothing weights the mean values for the 'G' 
school are again significantly lower (df = 1505, p<0.01) 
than those for the 'N' school for both seasons. 
These facts suggest that the school pupils of the 'G' 
school do habitually wear lighter clothing in accordance with 
the school's instructions. Thus, the findings support 
hypothesis El. 
The ambient temperatures measured in the classrooms are 
shown by type of school and season in Table 9.3. In autumn 
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the mean value for the ambient temperature obtained among 
the 'G' school (19.8 0 C) was lower than that for the 'N' 
school (20.50C) with a difference of 0.70C (t = 6.84, df = 
1507f P<0.01) . The reverse was true in winter. The mean 
temperature was 17.5 0C for the IGI school, which is 
significantly higher than 'that (16.0 0 C) for the other 
12.73, df = 1505, p< 0.01). 
This difference could be mainly due to the fact that there 
were 7 classrooms which did not have any heating system in 
winter among the 24 classrooms of the 'N' school, although 
there were only 2 such classrooms among the 16 rooms of the 
'G1 school. In autumn no heating was used in any school of 
either group. 
Consequently, the vote rate for 'cold' or 'cool' in the 
classrooms among the IN' school accounted for 19.4% of the 
total in winter, which was higher than that among the 'G' 
schools where only 8.1% was recorded (X 
2= 36.44, df = 1, 
p<0.01) (see Table 9.4) . 
From these figures it is apparent that the ambient temperature 
measured in the 'N' school was too low to be compensated for 
by the clothing worn. 
On the other hand, it is noteworthy that the vote rate for 
'cold' or 'cool' in autumn among the 'G' schools (5.4%) Was 
lower than that among the IN' schools (11.3%) (x 
2= 15.09, 
df = 1, p< 0.01)_. The reverse was true in the rate for 'warm' 
or 'hot' where there was 17.0% for the IG' school and only 
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8.9% for the other (X 2= 21.53, df = 1, p< 0.01). 
Nevertheless, for both the clothing level and the classroom 
temperature,, those observed in the 'GI school were 
statistically lower than those for the 'N' school as 
previously demonstrated. 
A similar trend as that for autumn was observed in winter. 
The vote rate for 'cold' or 'cool' among the IGI school 
-(8.1%) was much smaller than that for the IN' school (19. W, 
the difference being statistically significant (X 
2= 36.44 
df = 1, p< o. 01). Conversely, in the vote rate for 'warm' 
or 'hot' a higher value (22.1%) than that for the 'N' school 
(13.3%) was determined for the IGI school (X 
2= 19.17, 
df = li, P< 0.01). 
This behaviour may be explained based on the findings showing 
that physiological response of skin temperature to the cold 
is more efficient in the group who habitually wear light 
clothing (see Chapter Seven). This interpretation will be 
further confirmed by hypothesis E4. 
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9.4 Differences in'Rates of Colds Caught and Days Absent from School During Winter BetWeen the Pupils from the 2 
Types* of, 'School 
Percentage distributions of the number of colds caught during 
the winter period are represented by each school in Figure 
9.1. Difference of the distributions for 2 schools by 4 
categories or number of colds caught was determined to be 
statistically significant. 
(df = 3, p< 0.01). 
The chi-square value was 53.63 
The numbers of school pupils who did not catch a cold during 
the winter period were 294 for the 'GI school and 303 for 
the IN' school which accounted for 46.7% and 34.5% of each 
total respectively. The former is statistically higher than 
the latter (X2= 22.00j, df = li, p< 0.01). The rate of 
catching a cold once among the 'G' schools was determined 
to be 31.3%, which is again statistically higher than that 
a(X2 for the 'N' school of 26.6z = 3.98, df = 1, p< 0.05). 
However, the reverse was true in the rates of catching a cold 
twice, and 3 or more times. Those rates for the IN' school 
were 24.2% and 14.7%, both of which were statistically 
higher than those (16.2% and 5.9%) for the IG' school. 
The chi-square values were: 13.69 and 28.31 (in either case 
df = 1, p<0.01) - 
Thus, the findings clearly support hypothesis E2. 
Percentage distributions of the number of days absent from 
school due to illness during the winter period are represented 
by each type of school in Figure 9.2. 
328. 
Number of Colds Caught 
0 
-o 
'G' School 'N' School 
Figure 9.1. A comparison of the rate of colds 
caught during the winter period between 
the pupils from the 2 types of school. 
The 'G I school, 'N' school and the sample sizes 
are as in Table 9.1. 
x2= 53.63** (df = 3,, p<0.01) 
3+ 12 3+ 
329 v 
Number of Days Absent fran Sdiool 
0 
0 
'G' School 'N' School 
Figure 9.2 A comparison of the rate of days absence 
from school due to illness during the 
winter period between the pupils from the 
2 types of school. 
The IGI school, IN' school and the sarnple sizes 
are as in Table 9.1. 
X2= 12.92** (df = 3, p< 0.01) 
2 3+ 12 3+ 
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Difference of, the distributions for 2 schools by 4 
categories on number of days absence was determined to be 
statistically significant. The chi-square value was 12.92, 
(df = 3, p< 0.01). 
The numbers of pupils who had no absence from school due 
to illness were 385 for the 'G' school and 462 for the 'N' 
school, which accounted for 61.1% and 52.7% respectively. 
The difference is statistically significant (X 
2_ 
= 10.25, 
df = 1, p<0.01) . 
Conversely, the rate of absence for 2 days among the IGI 
schools was determined to be 10.3%, which was statistically 
lower than that (14.7%) among the 'N' schools (X 
2=5.92, 
df = 1, p< 0.05). A similar trend to that described above 
was observed in the rates of absence for 3 days or more, 
although there was no significant difference between the 
schools (X2=3.12, df = 1, p> 0.05). Those rates were 
19.7% for the 'N' school and 16.0% for the 'G' school. 
The behaviour between those schools for the 'non-absence 
from school' on account of illness was identical to that 
for 'not catching a cold'during the winter period (see 
Figure 9.1). This could be attributed to the fact that 
catching a cold is regarded as the overwhelming cause among 
primary school pupils for absence from school during winter. 
Thus, the findings support hypothesis E3. 
The evidence above is further confirmed by pupils' own 
accounts of their state of health on the survey 
day. 
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Percentage distributions of the state of health among the 
school pupils are represented by type of school and season 
in Figure 9.3. The 4 categories were defined based on 
their original complaints (see Table 5.4) as follows: 
(1) 1 am in good health (HS1) 
(2) 1 have a slight cold-(HS2) 
(3) 1 have a slight cold as well as having other minor 
complaints (HS3) 
(4) 1 have minor complaint/s only (HS4). 
The minor complaints were: T am short of sleep, feel tired, 
or am menstruating at the present time, etc. 
Difference of the distributions for 2 schools by 4 
categories on state of health in winter was determined to 
be statistically significant (X 
2= 62.55, df = 3, p< 0.01), 
however, that in autumn was determined to be not significant 
(X2=0.04, df = 3, p> 0.01). 
In winter the rate of pupils being in good health among the 
IV schools was determined to be 50.0%. which is significantly 
higher than that (30.2%) among the IN' schools (X 
2= 59.78, 
df = 1, p<0.01) . The reverse was true in the rate of 
pupils having a slight cold. The value among the 'N' s-chools 
was 44.6%, which is significantly higher than that (29.8%) 
among the IGI schools -(X2= 33.06, df = 1, p< 0.01). 
To summarise, among the IN' schools the rate of pupils in 
good health in winter (30.2%) was statistically lower than 
that (46.2%) for autumn (X 
2= 46.66, df = 1, p< 0.01) due 
to an increased rate of those with a slight cold. For the 
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IG' school, however, no significant differences were found 
between the seasons in both categories; good health (HS1) 
and a slight cold (HS2) . 
The findings are interpreted as lending support to 
hypotheses E2 and E3. 
334. 
9.5 Differences of'Clothing Behaviour and' Liv . itig' Habits 
Between 'the Pupils'from the 2 Types, of S'chool 
Determinations for personal human variables taken up in this 
section were all ascertained in the survey carried out in 
win er. 
Percentage distributions for wearing attitudes of the 5 
categories among the school pupils are represented by type 
of school and season in Figure 9.4. 
The 5 categories for wearing attitudes were defined as in 
Chapter Six (see Table 6.12-). They are: 
I wear light clothing as it seems to be healthier 
through my own experience (Al) 
(2) 1 intend to wear lighter clothing (A2) 
(3) 1 don't particularly wish to wear light clothing (M) 
(4) 1 intend to wear heavier clothing as it seems to be 
healthier through my own experience (M) 
I don't know (A5) 
Difference of the distributions for 2 schools by 5 categories 
on wearing attitudes was determined to be statistically 
significant in both seasons. The chi-square values were 
31.14 for autumn and 61.20 for winter (in either case df = 4, 
p<0.01) . 
The rates of pupils who wear less clothing (Al) and who intend 
to wear less clothing (A2) from the IG' schools were 21.6% 
and 25.4% in autumn and 22.4% and 25.4% in winter, while 
those from the IN' schools 16.8% and 17.1% in autumn and 13.0% 
and 15.3% in winter respectively. 
In the case of both Al and A2, the rates obtained for the 
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IGI school are statistically higher than those for. the 'N' 
school, irrespective of season. The chi-square values 
calculated were: for autumn 5.29 (p, <0.05) for Al and 14.93 
(p< 0.01) for A2, for winter 22.29 (p< 0.01) for Al and 
23.26 (p < 0.01) for A2 (in all cases df = 1) . 
The reverse was true in the rate of pupils who replied 'I 
don't know' to the question of 'What is your attitude to 
wearing light clothing with a view to promoting good health? ' 
irrespective of season. In thi's case almost the same rate 
was observed in both season, irrespective of type of school. 
The average rates were 33.0% for the IN' school, but only 
22.6% for the 'G' school. The differences were both 
statistically significant. The chi-square values were: 17.62 
in autumn and 20.75 in winter (in either case df = 1, p< 0.01). 
In addition, the rate of pupils who answered 'I don't particularly 
wish to wear lighter clothing' from the 'N' schools in winter 
was determined to be 33.3%, which is statistically higher than 
that (25.7%) from the 'G' schools (X 
2=9.65, df = 1, 
p<0.01) .A trend suggesting the same behaviour as in winter 
was observed in autumn, although the difference was not 
statistically significant. 
To summarise, the findings on the wearing attitudes well 
confirm the evidence that the SCV for the clothing worn by 
pupils from the IG' schools is lower than that from the IN' 
schools and is represented in Table 9.2. 
Sources of information on the benefits to health of wearing 
light clothing have been analysed and the results fall into 
337 v. 
4 categories. Table 9.5 shows how these categories are 
represented in the 2 types of school. 
The 4 categories are: 
(1) 1 just know (WW1) 
(2) Family only and others (WW2) 
(3) Primary school teacher only and others (WW3) 
(4) Family and primary school teacher and others (WW4). 
These categories are based on the responses to Question D3. 
I 
(see Appendix 3) and represent the sources seen by the subjects 
as being the most important. 
Many subjects acknowledged the influence of newspapers, 
T. V., books, etc., but it was not felt necessary to have a 
fifth category "the media" because this would be much the 
same as "I just know". 
The rates of pupils who answered 'Yes' to the question 'Have 
you ever heard that wearing light clothing is healthier? ' 
were 94.8% from the 'G' schools and 88.0% from the 'N' schools 
where the difference is statistically significant (X2 = 19.19, 
df = 1, p<0.01) - 
To the question 'Who advised you to wear light clothing as 
I 
it is conducive to health? ' the rate of pupils who replied 
'I just know' (WW1) from the 'N' schools was determined to 
be 19.9%, which is statistically higher than that (7.4%) from 
the 'G' schools (X 
2= 42. Q4, df = 1, p< 0.01). 
The rate of pupils who replied 'Family only' (WW2) from the 
'N' schools (30.8%) is again significantly higher than 
that 
338. 
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(19.4%) from the 'G' schools (x 
2= 
22.22, df = 1, p< O. ol). 
However, the reverse was true in the other 2 categories. 
The rate of pupils who had been advised by their primary 
school teacher (WW3) from the IGI schools was determined 
to be 26.0%, which is statistically higher than that (18.1%) 
2 for the IN' school (X= 11.75, df = 1, p< 0.01). In 
addition, among the 'G' schools the number of pupils who 
received advice from family and primary school teacher (WW4) 
concerning that, was 282 which accounted for 47.2% of the 
total. However, it was only 31.1% among the IN' schools, 
which is significantly lower than for the former (X 
2= 36.53, 
df = lil p< 
The results obtained are interpreted as a reflection of the 
educational ef f ects in the schools where guidance on clothing 
is given, therefore confirming the difference of pupils' 
wearing attitudes observed between the 2 types of school. 
This will suggest the importance of the co-operation of the 
primary school and home in order to encourage the practice 
of wearing light clothing. 
In addition, factor scores for the 4 clothing comfort factors 
to which pupils attached importance are given by type of 
school in Table 9.6 which shows the mean and t-value 
calculated for the schools. 
According to the t-values a significant difference for the 
schools was found in the ease of movement of clothing worn 
(F2), but no differences were found in the other 3 
factors, 
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The mean factor score obtained for the F2 among the pupils 
from the 'GI schools was determined to be 0.12, which is 
statistically higher than that (-0.08) from the 'N' schools 
(t = 4.51, df = 1505, p<0.01) . This observation is in 
agreement with the behaviour for the clothing weights 
actually worn by the pupils of the 2 types of school. Hence 
the findings support part of hypothesis E4. 
Finally differences in the living habits of the pupils 
between schools were investigated with reference to the 
following 4 items, i. e. (Ll) whether you take part in physical 
training after school hours, (L2) whether you practise 
rubbing your naked skin with a dry cloth, (L3) whether you 
warm yourself using a footwarmer for long periods and (L4) 
whether you choose the clothes you are going to wear in 
school. 
Percentage distributions for the categories of the 4 
variables are represented by type of school in Table 9.7. 
In the table significance of difference for the distributions 
is also indicated based on chi-square analysis. Definitions 
of the categories listed for each variable are as in Table 
1-, '* 
The chi-square values for the 3 variables; Ll, L3 and L4, 
are determined to be significant. One explanation for no_ 
significant difference being determined for the L2 variable 
could be due to the fact that rubbing the naked skin with 
a dry cloth is not so popular among the primary school pupils. 
In fact, the number of those practising it was only 1.8% 
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of the total (N = 1507). 
With 'L3', the rate of pupils who seldom warm themselves 
using a footwarmer for long periods from the IGI schools 
(54.9%) was higher than that (45.3%) from the IN' schools 
(X2= 13.67, df = 1, p< 0.01). 
Regarding 'Ll' and IL41, to make the differences more 
apparent a chi-square test was again performed using the 
2x2 table. The rate of pupils who never take part in 
physical training after school hours from the IN' school 
(20.1%) was statistically higher than that (13.8%) from the 
2 'G' school (x9.54, df = 1, p< 0.01). 
The reverse trends were observed in the other categories 
although the differences between the schools were not 
statistically significant. 
The rate of pupils who choose their own clothes for school 
from the IV schools (72.4%) was again statistically higher 
than that (66.9%) from the IN' schools (X 
2=4.85j, 
df = 1, p<0.05) . The reverse was true in the case of the 
pupils' clothes chosen by their mothers. The rate from the 
IG' schools (18.4%) was statistically lower than that 
(23.7%) from the IN' schools (X 
2=5.80, df. = 1, p< 0.05). 
To summarise, it was discovered that pupils from the 'G' 
schools have profiles approximating those of the group 
who are able to maintain comfort conditions with light 
clothing in their living habits and clothing behaviour. in 
contrast to this, pupils from the 'N' school have profiles 
344. 
approximating those of the group who wear more clothing. 
Thus, hypothesis E4 is supported. 
345. 
CHAPTER TEN 
Indivi'dual Differences of Clothing Level's of Englý, sh 
Of f ice Workers , and a Comparison Between En'g'l'i'sh and 
Japaneýse Of f1ce Wovkers 
10.1 Introduction : and HypOthe .s. es 
With a view to understanding profiles on the thermal comfort 
behaviour of English office workers taking part in this 
study, 3 distributions were investigated for the whole 
sample. They were: ambient temperature actually measured 
in the offices wher6 the subjects were working in the normal 
way, the clo values for the clothing ensembles worn by the 
subjects there, and the thermal sensation values voted by 
them in their offices. 
Individual differences of amounts of clothing worn by the 
subjects to maintain comfort conditions were investigated 
in terms of the hypotheses below: 
(Al) Individual differences will exist in clothing levels 
(CAT) adjusted for ambient temperature. 
(A2) Individual differences will still exist in standardised 
clothing values (SCV) adjusted for ambient temperature 
and physiological human variables. 
In our previous work (Irving et al., 1984) involving students 
it was discovered that the English student was warm, enough 
wearing fewer clothes than the Japanese student in winter 
when their preferred ambient temperature and builds were 
kept constant. Consequently, the following hypothesis was 
established, and this was examined in terms of the 
'SCV'- 
346. 
(Fl) English office workers will be warm enough wearing 
less clothing than their Japanese counterparts at the 
same winter temperature when their physýological human 
variables are the same. 
Finally, the relationship between the SCV and the number of 
colds caught was investigated, where the hypothesis was as 
f ollows: 
People who habitually wear less clothing will catch 
fewer colds during the winter than those who wear 
more clothing. 
347. 
10.2 Anthropometrilc: Data of the' Total S 
State' of Health 
For the English office workers the total effectýve sample 
was 207 subjects. Their anthropometric data are given by 
sex in Table 10.1 in which signif icance of dif ference 
between the sexes based on the computed t-value and the 
age distributions are also presented. 
The average age among the 207 subjects was 31.5 years 
with a standard deviation of 12.3 years, where that of 
the males was higher than that for the females (t = 5.45, 
df = 205, P "'- 0.01) . This average age was slightly lower 
than that observed for the Japanese office workers (34.1 
years) , (t = 2.89, df = 1045,, p<0.01) . 
The mean value for Rohrer index was 132.1 with a standard - 
deviation of 17.6, where a significant difference was 
determined between the sexes (t = 2.89 F df = 205 j, p<0.01) . 
It is interesting to note that a higher Rohrer index was 
observed for the females in spite of a slightly lower average 
age than the males. No significant difference was obtained 
in the Rohrer indices between the English and Japanese 
groups (t = 0.55, df = 1045, p> 0.05). 
The state of health of subjects on the survey days was 
ascertained from their own information and the results are 
shown by sex in Table 10.2. The percentages given in this 
table relate to a proportion of the whole sample as multiple 
responses were given tQ this question. 
le' and' Their 
Here, 'good health' was defined as being in a healthy state 
348. 
Table 10.1 Total number of subjects and their - anthropometric data: English office workers 
Number 
Age 
(years) 
Height 
(CM) 
Weight 
(kg) 
.... 
Rohrer 
. Index 
Female 106 27.3 + 9.6 164.0 + 6.5 59.8 + 9.0 135.5 + 18.3 
Male 101 36.0 + 13.3 179.0 + 6.1 73.6 + 8.9 128.5 + 16.3 
Total 207 31.5 + 12.3 171.3 + 9.8 66.5 + 11.3, 132.1 + 17.6 
t-value (df=205) 5.45** 17.15** 11.05** 2.89** 
Mean + S. D. ** p<0.01 
Age distribution for the sample 
17-19 
years 
20-29 
years . 
30-39 
years 
40-49 
years 
50-59 
years 
Thtal 
Female (N) 19 55 19 10 3 106 
M 17.9 51.9 17.9 9.4 2.8 100.0 
Male (N) 7 35 20 22 17 
101 
M 6.9 34.7 19.8 21.8 16.8 100.0 
Total (N) 26 90 39 32 
20 207 
M 12.6 43.5 18.8 15.5 9.7 
100.0 
349. 
Table 10.2 Statement by the English Office workers 
on their state of health on the survey day 
Winter 
Health State (no, ) 
I am in good health Female 83 78.3 
Male 83 82.2 
Total 
... 166 . 
80.2 
1 have a slight cold Female 12 11.3 
Male 9 8.9 
Total 21 10.1 
I am short of sleep Female 9 ý8.5 
Male 7 6.9 
Total 16 7.7 
I feel tired Female 16 15.1 
Male 9 8.9 
Total 25 12.1 
I have a stomach ache Female 0 0 
Male 0 0 
Total 0 0 
I am menstruating at Female 3 2.8 
the present time 
Male - - 
Total 
other minor complaints FeInale 0 0 
Male 3 3.0 
Total .3 
1.4 
Sample sizes are as in Table 10.1: multiple responses 
\- 
3509 
without any minor complaints. Among the whole sample 80.2% 
replied: 'I am in good health'; 82.2% were males and 78.3% 
females. These figures were all statistically higher than 
those for the Japanese office wokers in winter, which were 
41.2%,, 42.8% and 39.4% respectively (see Table 5.3). For the 
3 cases the chi square values calculated between the English 
and Japanese groups were: 99.55,49.30 and 49.32, which 
were all significant at the 1% level (df = 1) . 
Approximately 12% of the total stated 'I feel tired', 10% 
'I have a slight cold' and 8% '1 am short of sleep'. Minor 
complaints included rheumatism and knee injury. 
The state of health of the subjects should be taken into 
account when the amounts of clothing worn by them are 
defined, as it has been found that clothing levels are 
affected by state of health. 
351, 
10.3 Distributims, of Ambientý TeMpe .r. a`t'u're'r CIoth'in 
Level and Thermal SensatIon Value AMC)n'cf 'the, W 
Sample 
le 
The mean and distribution of ambient temperatures actually 
measured in the offices of the subjects are shown by sex in 
Table 10.3. All of the offices where the respondents were 
working were centrally heated when the experiment was 
carried out in winter. 
In the offices the mean temperature was determined to be 
21.9 0C with a standard deviation of 1.1 
0 C. There was a 
significant difference between temperatures for males and 
females where offices containing males were- 22.2 0 C, which 
is higher than that (21.6 0 C) for those containing females 
3.92, df = 205, p<0.01) . 
As would be expected, a significant difference was observed 
in the ambient temperatures between the offices of the 
English and Japanese subjects, where that (21-90C) for the 
former was higher than that (20.3 
0 C) for the latter (t = 10.61, 
df = 1045, p<0.01) . The reason for this could 
be due to 
the fact that gas stoves were used for space heating in more 
than half of the offices of the Japanese office workers. 
The mean and distribution of the clo values estimated 
for 
the clothing actually worn by the subjects when they worked 
normally in their offices are given by sex in Table 
1Q. 4. 
For the total sample the mean clo value was determined 
to 
be 0,68 clo with a 5tandard deviation of 0.15 clo- 
A 
significant difference was noted between the sexes, where 
that (0.65 clo) for the female is lower than that 
(0.72 clo) 
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or the mcale Ct = 3.80, df = 205, P<0- 01) . This ý$ 
interpreted as showing a reasonable pattern because the 
Rohrer index of the female was highqr than that of the 
male, although the reverse was true for the ambient 
temperatures. 
Thus, the findings are in agreement with the theory derived 
from our previous work (Irving et al., 1981) in terms of 
the relationship of build, clo value_ and ambient temperature 
to maintain balanced situations. Moreover, the clo value 
(0.68 clo) for the English office workers was statistically 
lower than that (1-. -02) f or the Japanese of f ice workers 
2 1.06., df = 104 5 1, p<0.01) . 
The coefficient of variation calculated for the clo values 
for the clothing worn by the whole sample was 22.1%, but 
that for the ambient temperatures in their offices only 
5.0%. Accordingly, it was again confirmed that the 
individual differences for the amounts of clothing worn 
is much greater than that f or the ambient temperatures. 
The mean and distribution of thermal sensation values voted 
by the subjects in their offices are given by sex in Table 
10.5. The mean values for the ASHRAE scale were determined 
to be 4.6 with a standard deviation of 1.3 for the whole 
sample, 4.4 with a standard deviation Of 1.4 for the 
females, and 4.8. with a standard deviation of 1.1 
for the 
males. The difference between the sexes was statistically 
significant (t = 2.13, "df = 205, p <0.05). This 
is also 
confirmed by percentage distributions for the 
thermal 
sensations. 
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The number of females who responded 'cold' or 'Cool' was 
10.4% of the total, which is signifi-cantly higher than that 
for the males (2.0%) (X 
2=4.85, df = 1, p, ý (). 01) . The 
opposite tendency can be seen in the rate for 'warm. ' or 
'hot' although the difference between the sexes was not 
statistically significant. These rates were 27.7% for the 
males and 19.8% for the females. 
It seems to be worthy of notice that the females who felt 
cold discomfort attached more importance to the aesthetic 
attributes of clothing worn, whereas many of the males 
voting 'warm' or 'hot' commented 'bank policy to wear a 
suit I. 
A significant difference in thermal sensations was found 
between the English and Japanese office workers, where that 
(4.6) for the English group was higher than that (4-3) for 
the Japanese group (t = 2.80, df = 104 5, p<0.01) . However , 
the number of English office workers who felt comfortabler 
i. e. voted for 'slightly cool', 'neutral' or 'slightly 
warml was 145, which accounted for 70.0% of the total. This 
figure shows almost the same rate as that (68.2%) for the 
Japanese office workers obtained in winter, and no significant 
difference was observed between the groups (X 
2=0.18, 
df = 1,, p>0.05) . From this, we can regard 
the ratio of 
'Mately respondents who felt discomfort in winter as approx 
a third of the population, irreSpective of nationality. 
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10.4 Actual Values Determined for Ambient Temperature and Clothing Level f or the : Subje'cts who Were' in' Good Health' : and Felt Comfortable 
The sample used in this investigation was restricted to 
the subjects who were in good health and felt comfortable 
in their offices. The number of the subjects and their 
anthropometric data are given by sex in Table 10.6 in which 
their age distributions and significance of difference 
between the sexes based on the computed t-value are also 
given. 
The sample size was 117, which accounted for 56.5% of the 
total. This rate is statistically higher than that (28.9%) 
2 for the Japanese office workers in winter (X 54.83, 
df = 1, p<0.01) because the rate of English people who 
stated 'I am in good health' was higher than that for the 
Japanese office workers. The breakdown for sex differences, 
age and Rohrer index values among these subjects was in 
agreement with that from the total effective sample. 
Ambient temperature, relative humidity and air velocity 
measured in their offices were: 21.60C with a standard 
deviation of 1.0 0 Cr 43.6% and 0.1 m/sec respectively. 
The mean clo values for the clothing worn by the subjects 
are represented by sex, together with 95% confidence 
limits in Table 10-7. 
Among the total sample the mean clo value was determined 
to 
be 0.66 clo with a standard deviation of 0.14 clo. 
These 
3589. 
Table 10.6 Anthropometric data of the English office 
workers who were in good health and felt 
comfortable 
Proportion 
of 
Total Sample Age ]Rohrer 
Sex Number (years) Index 
Female 59 55.7 27.7 + 10.3 135.7 + 18.3 
Male 58 57.4 36.8 + 13.7 129.1 + 17.2 
Total 117 56.5 32.2 + 12.9 132.4 + 18.0 
t-value (df=115) 4.05** 2.02* 
Mean + S. D. t *p < 0.05 **p < 0.01 
Age distribution for the sample 
17 - 19 20 - 29 30 - 39 40 - 49 50 - 59 
years years years years years Total 
Female (N) 12 28 11 6 2 59 
M 20.3 47.5 18.6 10.2 3.4 100.0 
Male (N) 2 22 11 11 12 58 
M 3.4 37.9 19.0 19.0 20.7 100.0 
Total (N) 14 50 22 17 14 
117 
M 12.0 42.7 18.8 14.5 1 12.0 1100.0 
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figures are regarded as approximating those for the total 
sample. The coefficient of variation for the clo values - 
was calculated as 21.2%, which is high, as is that for 
the total sample. 
Table 10.7 Clo values for clothing ensembles 
worn by the English office workers 
who were in good health and felt 
comfortable. 
95% 
Mean + S. D. Confidence Limits 
Number (clo) (clo) 
Female 59 0.63 + 0.12 0.38 - 0.87 
Male 58 0.69 + 0.15 0.39 - 0.98 
Thtal 117 0.66 + 0.14 0.38 - 0.93 
360, 
10.5 Individual Dif ferences Of Clothin'g Levels: to maintain 
Comfort Conditions with Re`feýrence to' the' "CAT'l- and 'SCVI 
In this section, differences of the clothing worn by 
individuals are investigated more precisely in terms of 'CAT' 
and 'SCV' with reference to the subjects who were in good 
health and felt comfortable (see Table 10-6). 
To estimate 'CAT' (clothing levels adjusted for ambient 
temperature) the regression equation for predicting clo values 
for the clothing worn from ambient temperature was 
calculated as below. 
y= -0.0166X + 1.0194 
where Y clo value for the clothing worn Cclo) 
and X ambient temperature (0 C) 
At this stage, the standard ambient temperature was provided 
as 21 0 C. We can regard this value as an approximation to the 
mean of ambient temperature measured in the English groups' 
of f ices. 
The 'CAT' was estimated for each subject according to the 
method described in Chapter Five. The results are given in 
Table 10.8 which shows the mean and 95% confidence limits by 
sex. 
For the total subjects the mean 'CAT' was obtained to be 0.67 
clo with a standard deviation of 0.13 clo where the 
coefficients of variation were calculated as 19.4%. This 
value is high, being that for the actual clothing value. 
Moreover, this behaviour was confirmed by the computed 
reduction ratio of the 'CAT' compared with actual clothing 
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Table 10.8 The clothing levels adjusted for 
ambient temperature for the 
English office workers who were 
in good health and felt comfortable 
95% 
Mean + S. D. Confidence Limits 
Number (clo) (clo). 
. 
Female 59 0.63 + 0.12 0.39 - 0.88 
Male 58 0.70 + 0.14 0.43 - 0.98 
Tbtal 117 0.67 + 0.13 0.41 - 0.92 
The 'CAT' (clo) for English of fice workers 
means that value obtained when ambient 
temperature is adjusted to 219C. 
level in the difference between upper and lower limits of 
95% confidence limits. We can consider this ratio as having 
higher reliability than the coefficient of variation to 
examine the magnitude of individual differences for the 
clothing worn (see 3.6 Statistical Analysis in Chapter 
Three) . 
As would be expected, the reduction ratio was calculated as 
being quite small (7.3%, see Table 10.11) . This illustrated 
the fact that there exist remarkable individual differences 
even in the 'CAT'. Such evidence can be confirmed 
by the 
correlation coefficient obtained between the clo value 
for 
clothing worn and ambient temperature using 
the identical 
sample (N = 117) - Tt was -0 - 
19 (df = 115 rp<0.05) , which 
does not seem to be great. Thus, 
the findings support 
hypothesis Al. 
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In addition, the behaviour was examined in terms of the 
'SCV' (standardised clothing value adjusted for ambient 
temperature (Tl) , sex (Hl) , age (H2) and body build (H3) ). 
To estimate the 'SCV' first the effects of the 4 variables 
(Tl, Hl, H2 and H3) on the clo values for the clothing 
worn were analysed by means of the quantification theory, 
type I (Hayashi, 1952 and 1961, and Miyake et al., 1977, 
p. 166 - 179). In this way, the clo values (clo) for the 
clothing ensembles were applied for the outside variable. 
The results are given in Table 10.9 which shows the 
frequency of subjects belonging to each category for each 
item, the weighted value of clo value estimated for each 
category, the partial correlation coefficient and the 
multiple correlation coefficient. 
The multiple correlation coefficient was determined to be 
0.59 (p < 0.01) , which suggests some relationship between 
the variables under consideration. Significant partial 
correlations support this, where 3 variables, age, ambient 
temperature and Rohrer index were determined to be significant. 
The largest coefficient was calculated to be 0.55 for the 
age variable, and this value was followed by ambient 
temperature (0.28) and Rohrer index (0.21). No significant 
relationship was found for sex difference. The evidence showing 
that age difference of subjects had a greater 
influence on 
the clo values than did ambient temperature 
is in agreement 
with that derived from . the Japanese office workers and 
is 
therefore noteworthy. 
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As would be expected, it was demonstrated that the influences 
of these variables on the clo values showed the same patterns 
as those for the Japanese office workers that are regarded 
as reasonable. 
on the basis of the weighted values obtained the regression 
equations for predicting the original weighted values from 
each of the variables were calculated as 
Y= -0.0372X + 0.8069 
where Y= Original weighted value for the clo value 
and X= ambient temperature in the office. 
Y=0.0084X - 0.2611 
where Y= original weighted value for the clo value 
and age 
Y= -0.0020X + 0.2615 
where Y= original weighted value for the clo value 
and X= Rohrer index 
Here,, the standard values f or each of the variables were 
provisionally provided as the following. We can regard these 
values as an approximation to the means observed for the 
English office workers. 
the ambient temperature in the offices is 21 
0C 
(2) the age of the subjects is 30 years 
(3) their Rohrer index is 130. 
The ambient temperature qf 210C differs from that (20 
0 C) f or 
the Japanese office workers, but age and Rohrer index are the 
same as those for the Japanese subjects. 
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The SCV was estimated for each subject according to the 
method fully explained in Chapter Four. The results are 
given in Table 10-10 which shows the mean and 95% confidence 
limits by sex. 
Table 10.10 The standardised clothing values 
estimated for the clothing 
ensemble worn by the English 
office workers who were in good 
health and felt comfortable 
95% 
Mean + S. D. Confidence Limits 
Number (clo) (clo) 
Female 59 0.70 + 0.11 0.49 - 0.92: 
Male 58 0.70 + 0.12- 0.47 - 0.94 
Total 117 0.70 + 0.11 0.48 0.92 
The 'SCV' (clo) in this table means 
that value obtained when age,, Rohrer 
index and ambient tomperature are 
adjusted to 30 years, 130 and 210o 
respectively. 
For the total subjects, the mean SCV was determined to be 
0.70 clo with a standard deviation of 0.11 clo where the 
coefficient of variation was computed as 15.7%. This 
value seems to be slightly lower than those for the CAT 
(19.4%) and the actual clothing values (21.20, 
but it is 
obviOus that the difference between the SCV and 
CAT is quite 
small. 
Moreover, Table 10.11 shows the reduction ratio of 
the ISCVI 
compared with actual clothing 
levels in the difference between 
upper and lower limits of 95% confidence 
limits. On the 
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basis of the figure obtained (20.0%) It can be seen that 
considerable individual differences for the clothing worn to 
create comfort conditions still exist even in the SCV, 
although it is reduced compared with that for the actual 
clothing value. Thus, hypothesis A2 was clearly supported. 
Table 10.11 Reduction ratios of the 'SCV' and 'CAT' 
compared with actual clothing levels in the 
difference between upper and lower limits of 
95% confidence limits 
Clothing worn 
Difference Between 
Upper and Lower Limits 
Reduction Ratio 
M 
SCV (clo) 0.44 
Actual 
20.0 
clothing level (clo) 0.55 
CAT (clo) 0.51 
7.3 
Actual 
clothing level (Clo) 0.55 
N= 117, 
Reduction ratio % of the ranges of SCV or CAT 
to actual clothing level (95% confidence-limits) 
In the following investigation the relationship between the 
SCV and the number of colds caught during the winter was 
analysed with respect to the subjects who were 
in good health 
and felt comfortable 
For this, the clothing levels were classified 
in- 3 categories 
'light', Imediuml, and 'heavy' based on the distributions of 
subjects. The $cV for these categories the SCV among those 
are presented together with 
the number of the _subjects 
belonging 
to each category in Table 
10.12. The sub-groups are expressed 
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in terms of 'OL group I, 'OM group' and 'OH group I. 
Table 10.12 Standardised clothing values 
for the 3 groups (English 
office workers) 
Standardised clothing 
Sub-group Number value (SCV) 
OL Group 28 0.61 clo and below 
OM Group 64 0.62 clo - 0.77 clo 
OH Group 25 0.78 clo and over ... 
The SW (clo) for English office 
workers indicates that value 
obtained when age, Rbhxer index 
and ambient tenperature are 
adjusted to 30 years, 130 and 
210C respectively. 
Percentage distributions of the number of colds caught are 
shown by each sub-group defined by the clothing levels in 
Figure 10.1. In the graph significance of differences 
between the groups are described according to Chi-square 
analysis. 
For the number of colds caught by the 3 sub-groups the Chi- 
square value was determined to be 22.80 (df = 4), which 
means there are significant differences between the cells at 
the 1% level. 
The rate of not catching a cold among the OL group accounted 
for 82.1% of the total, that for the OM group was 50.0%, but 
only 20.0% for the OH group. The differences 
between those 
rates were all proved ýo be statistically significant. 
The 
rate for the OL group (82.1%) was 
higher than that (50.0%) 
3689 
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% 
OL Group OM Group OH Group 
x2= 22.80** (df = 4) 
Differences between each pair of sub-<jroups by each category 
None Once Two or Tnore tines 
OL Group 
OM Group 
OH Group 
ns p>0.05 
111. 
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ý11n 
ns 11-1 
*p < 0.05 < 0.01 
Figure 10.1 A comparison of the rate of colds caught 
during the winter period between three sub- 
groups defined by levels of clothing worn by 
English office workers in winter. 
Sample sizes and clothing levels foreach sub- 
group are as in Table 10.12. 
01 2+ 01 2+ 01 2+ 
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for the OM group (X2 = 7.09, df, = 1, p, <0.01),, which were 
both higher than that (20.0%) for the OH group (between the 
OL group X2= 18.05, df = 1, p<0-01, and between the OM 
X2=5.48, df= 1, p< 0.01). 
Conversely, the rate of catching a cold once among the OL 
group was determined to be only 10.7% of the total, which 
was statistically lower than that for the other groups. 
These rates were 46.9% for the OM group and 56.0% for the 
OH group. The computed chi-square values were 9.56 (df = 1, 
p<0 . 01) between the OM group and the OL group and 
10.44 
(df = 1, p<0.01) between the OH group and the OL group 
respectively. 
Such a tendency as that observed for the Japanese group was 
not obtained in the rates of catching a cold two or more 
times. The reason for this could be attributed to the smaller 
sample size being used for the English sample. Thus, these 
findings support hypothesis Dl.. 
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10.6 Dif f erences of Clothing Levels Between' English and Japanese Of f ice Workers to Achieve Thermal Comf ort 
The subjects who took part in this investigation were all 
in good health and felt comfortable in their offices in 
winter. The sample sizes were 117 English office workers 
and 243 Japanese office workers. Their anthropometric data 
are shown in Tables 10.6 and 5.11 respectively. 
The 'SCV' for both the English and Japanese subjects used 
in this case were those values obtained when age, Rohrer 
index and ambient temperature are adjusted to 30 years, 130 
an 20 0C respectively. 
The mean SCV calculated for each group are given by sex in 
Table 10.13. Significance of dif f erence between. the 2 groups 
is indicated according to the Student's t-test. 
As would be expectedr for the English group the mean SCV 
was determined to be 0.74 clo with a standard deviation of 
0.11 clo, but for the Japanese group it was 0.92 clo with 
a standard deviation of 0.16 clo. The difference between 
the groups was statistically significant (t = 10.98, df = 358, 
< 0.01) - 
In both groups for each sex the same values as those 
for 
the total subjects were obtained, and these 
differences were 
again proved to be significant 
(for the female t=7.71r 
df = 166,, p< 0.01, and for the male 
t=7.31, df = 190, 
p<0.01) - 
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Table 10.13 Differences of clothing levels between English 
and Japanese office workers in the 'SCV' 
English, 
Office Worker 
Japanese 
Office Worker ficance 
ff 
Mean + $. D. Mean + S. D. 
of Di erence 
Between Groups 
Number (clo) Number (Clo) , t--value 
Teniale 59 0.74 + 0.11 109 0.92 + 0.16 7.71**(df=166), 
Male. 58 0.74 + 0.12 134 0.92 + 0.17 7.31**(df=190) 
Total 117 o. 74 + 0.11 243 0.92 + 0.16 1 
10.98**(df--358) 
< 0.0 1 
The ISCVI (clo) for Englishand Japanese office workers 
ues obtained wten age, Rohrer index both nean those val 
and ambient benperature are adjusted to 30 years, 130 
and 20PC respectively. 
Accordingly,, it was found that the SCV for the clothing worn 
by the English office workers to create comfort conditions 
in winter was lower than that for the Japanese office 
workers irrespective of the type of group. This came to 
the same conclusion as our previous work involving the 
students (Irving et al., 1984) . Hence, the findings clearly 
support hypothesis Fl. 
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CHAPTER ELEVEN 
Personal Human Variables and Their' E'f'fec*t, s,,, in Relation to 
Clothinq Worn by English O, ff'i: ce Woýrke'rs',, .. and 'a CoMpa'ris'on of 
Those Variables Between English' and Japanese' Office' Workers. 
11.1' Introduction and Hypotheýses 
In the previous chapter, it was found that considerable 
individual differences for the amount of clothing worn to 
create comfort conditions still exist in terms of the 'SCV' 
although it was reduced compared with those for the actual 
clothing values. 
Attention was therefore focussed on what types of personal 
human variables would affect clothing worn with a view to 
W 
elucidating how to modify one's personal human variables to 
achieve clothing habits more conducive to health. In this 
chapter the following hypotheses were investigated. Its 
background was discussed fully in Chapter Two. 
(B2) Clothing comfort factors to which one attaches importance 
will have some influence on one's clothing behaviour. 
(B3) People who regularly take part in sporting activities 
will be warm enough with less clothing than those who 
seldom take part. 
In addition, the previous chapter presents evidence that the 
English office workers were warm enough with a lower standard 
clothing value than their Japanese counterparts. It is of- 
great interest and significance to find an explanation from 
the aspect of personal human variables. However, such an 
approach to thermal comfort behaviour has not previously 
been used. 
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Hypotheses established were: 
(F2) English office workers will attach more importance to 
ease of movement of clothing worn in, winter than the 
Japanese. 
(F3) -English office workers will attach less importance to 
adequate warmth of clothing worn in winter than the 
Japanese. 
(N) The number of people who take part in sporting 
activities regularly or sometimes will be larger among 
English office workers than Japanese. 
P rincipal- component analysis (Nie et al., 1975, - p. 468 - 514, 
and Miyake et al., 1977, p. 129 155) was applied for 
extracting the clothing comfort factors referring to hypotheses 
B2,7 F2 and F3. The effects of the personal human variables on 
the SCV for the clothing worn were analysed by means of 
quantification theory, type I (Hayashi, 1952 and 1961, and 
Miyake et al., 1977, p. 166 - 179). 
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Table 11.1 Factor loadings based on varimax 
rotation (English office worker) 
Clothing canfort 
factor in 
questionnaire Factor 1 Factor 2. Factor. 3 
QF1 0.369 -0.009 0.215 
QF2 0.681 -0.057 0.108 
QF3 0.101 0.195 o. 33o 
QF4 -0.014 0.150 
QF5 -0.066 0.077 0.960 
QF6 0.142 -0.032 .. 0.561 
QF7 -0.050 0.170 0.227 
QF8 0.169 0.184 0.250 
QF9 0.078 0.891 0.035 
QF10 0.473 0.581 0.009 
QFll 0.149 -0.018 0.032 
QF12 0.066 -0.169 -0.049 
QF13 0.554 0.258 0.127 
QF14 0.660 0.045 -0.086 
QF15 0.641 0.121 0.026 
QF16 0- 522 -0.122 -o. 034 
Eigenvalue 3.315 2.107 1.648 
Cumulative 
percentage 20.7 33.9 44.2 
of total 
variance I 
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Table 11.1 (cont'd. ) 
1.207 
2. The 16 clothing comfort factors in the questionnaire are: 
QF1 : Smartness, QF2 : Colour and design, QF3 : Keeps you cool,, 
QF4 : Adequate wannthf QF5 : Ease of mvement, QF6 : Comfortable 
fit, QF7 : No skin irritation, QF8 : Does not show the dirt, 
QF9 : Suitable for today's weather, QF10 Suitable for this 
season, QFll : Suitable for workf QF12 Chosen to conform with 
clothes of colleagues,, QF13 : Personal preference, QF14 : 
Current fashion, QF15 : Need for variety, and QF16 : Well known 
make. 
3. Figures marked with a square indicate a high factor loading representing 
features of the factors to which they belong. 
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11.2 Extracting Clothing CoMfort Factors to: be' Taken Up_ 
as Pe'rsonal Human Varlablet' and an Fst'IiMatlon of Their Factor Scores. 
To extract clothing comfort components (factors) factor loadings 
were calculated based on respondents' answers to the original 
comfort factors listed in the questionnaire by means of 
pr incipal- component analysis. 
The factor loading matrix according to varimax rotations 
appears in Table 11.1. The sample used for this analysis 
was 207 English office workers, and their anthropometric 
data have been shown in the previous Table 10.1. 
For the English group 16 original comfort factors were 
applied and these factors were expressed by the prefix 'QF' 
so as to discriminate from the clothing factors to be extracted. 
In the factor loading matrix obtained, items having a high 
value, i. e. those regarded as representing characteristics 
for each factor to be extracted, are enclosed in a square. 
For the fourth factor an eigenvalue of less than 1.0 was 
obtained, which means it is not possible to extract the factor 
in the normal way. From this, for the English office workers 
3 clothing comfort factors were extracted, and we can interpret 
these factors as follows. 
The f irst f actor is explained by 5 items, i. e. - colour and 
design (QF2) , current 
fashion (QF14) F need for variety 
(QF15) 
personal preference (QF13) and well 
known make (QF16). In 
the same way, the second factor is explainedby 
3items, i. e. 
suitable for today's weather (QF9), suitable 
for this season 
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I 
(QF10) and adequate warmth (QF4),, and the third factor by 
2 items, i. e. ease of movement (QF5), and comfortable fýt 
(QF6) . 
These features were considered to show reasonable patterns 
in the interpretation of these factors. We could therefore 
name each factor with a term, i. e. 'aesthetic attributes' to 
the first factor (Fl), 'adequate warmth' to the second 
factor (F2) and lease of movement' to the third (F3). 
For these results we can indicate 2 points which differ 
between the English and Japanese office workers. (1) For 
the Japanese group 1 more factor: Isuitability for the 
office' was extracted besides the 3 factors above, and (2) a 
certain discrepancy was-noted in the order of the second 
and third factors. 'Adequate warmth' was the second factor 
among the English group, but moved to third among the 
Japanese group. The reverse was true for 'ease of movement'. 
The reason for this is not easily explained, but it may 
depend upon differences of clothing habits between the 2 
countries. 
The factor score coefficient matrix obtained for the English 
group (N = 207) appears in Table 11.2. The factor scores 
for the 3 clothing comfort factors were estimated for each 
subject according to the method described in previous 
chapters (see Chapters Three and Six). The results are 
given in Table 11.3 which shows the mean, 95% confidence 
limits and t-value calculated between sexes by each factor. 
The subjects who felt comfortable took part in this, the 
378. 
Table 11.2 Factor score coefficient matrix 
(English office worker) 
Clothing canfort 
factor in 
questionnaire Factor 1 Factor, 2 Factor 3 
QF1 0.081 -0.018 0.068 
QF2ý 0.281 -0.088 0.036 
QF3 0.041 -0.055 -0.027 
QF4 -0.023 0.081 -0.097 
QF5 -0-109 0.015 0.978 
QF6 0.060 -0.041 0.024 
QF7 -0.009 0.018 0.013 
QF8 0.015 0.073 -0.044 
QF9 -0.119 0.764 -0.035 
QF10 0.194 0.168 0.086 
QFll 0.025 0.020 0.038 
QF12 0.028 -0.044 0.017 
QF13 0.173 0.011 0.049 
QF14 0.234 -0.014 -0.037 
QF15 0.216 -0.026 -0.043 
QF16 0.144 -0.032 -0.021 
The clothing camfort factors in the 
questionnaire are as in Table 11.1 
207. 
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sample size being 145 (see Table 11.4) . The factor score 
with the positive value indicates a higher degree of 
importance to the clothing comfort factor, while that 
with the negative value a lower degree of importance. 
381. 
11.3 Effects of PersonAl HuMan' Variables' upon Clothin 
worn r-o ureate t; omiort t.; onaltions 
The sample used in this investigation was restricted to the 
subjects who felt comfortable in their offices. The sample 
size was 145 and their anthropometric data are given by 
sex in Table 11.4. Significance of difference between the 
sexes based on the computed t-value and distributions of the 
subjects are also presented in the table. 
Table 11.4 Anthropometric data of the English office workers 
who felt comfortable in their offices 
Proporticn 
of 
Total sarrple Age Rohrer 
Number M (years) Index. 
Female 74 69.8 27.4 + 9.8 134.3 + 18.7 
Male 71 70.3 35.9 + 13.3 128.1 + 16.5 
Total 145 70.0 31.6 + 12.4 131.3 + 17.9 
t-value (df=143) 4.40** 2.12* 
Mean + S. D. *p< 0.05 ** p< 0.01 
Age distribution for the sample 
17 - 19 
years 
20 - 29 
years. 
30 - 39 
yearq. 
40 - 49 
years 
50 - 59 
years 
Total 
Female (N) 13 38 14 7 2 74 
M 17.6 51.4 18.9 9.5 2.7 100.0 
Male (N) 4 26 15 14 12 71 
M 5.. 6 36.6 21.1., 19.7 16 .9 lcx)-O 
Total (N) 17 64 29 21 14 145 
M. 11.7 44.1 1 . 
20.0 14.5. . 9.7 
100.0 
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Profiles on age and Rohrer index of the respondents in the 
sex differences show similar patterns to those for the 
whole sample (see Table 10.1). 
Ambient temperature, relative humidity and air velocity 
measured in their offices were: 21.70C with a standard 
deviation of 1.0,44.5% and 0-. l m/sec respectively. These 
values show an approximation to those for the offices 
containing the subjects who were in good health and felt 
comfortable. 
The mean SCV estimated for the clothing worn by the subjects 
is shown by sex together with 95% confidence limits in 
Table 11.5. 
Table 11.5 Standardised clothing values estimated for the 
clothing worn by the English office workers who 
felt comfortable in their offices. 
95% 
Mean + S. D. Conf idence Lunts 
Number (Clo) (Clo) 
FEmale 74 0.70 + 0.12 0.46 - 0.94 
Male 71 0.73 + 0.13 0.47 - 0.99 
Total 145 0.71 + 0.13 0.46 - 0.96 
The SCV (clo) means that value obtained when ager 
Rohrer index and ambient temperature are adjusted 
to 30 years, 130 and 210C respectively. 
For the total sample the mean SCV was determined to be 0.71 
clo with a standard deviation of 0.13 clo, where the mean 
value was again shown t6 be approximating that for the group 
who were in good health and felt comfortable. No statistical 
383 -P 
difference was noted in the SCV between sexes. 
For the English office workers the personal human variables 
taken up were basically similar to those for the Japanese 
office workers, but the number was reduced from 9 5. it 
was impossible to include the wearing attitude variable; 
whether or not one wears light clothing to promote good 
health (WA), because the sample size concerned with this 
variable was much too small in the English case. In fact, 
the percentage of people who replied 'Yes' to the question 
'Have you ever heard that wearing fewer clothes is more 
healthy? ' was 88.7% for the Japanese group (N = 840). but 
only 27.5% for the English group (N = 207). The difference 
was proved to be significant (X 
2= 343.10, df = 1, p< 0.01). 
Only these subjects could respond to the question on wearing 
attitudes (see Appendix 1) . 
The 5 personal human variables examined for the English 
office workers are presented, together with their categories, 
in Table 11.6. 
The effects of these human variables on the SCV were investigate( 
by means of the quantification theory, type I. In this analysis 
the outside variable was the standardised clothing value (SCV)- 
to create comfort conditions. 
The results appear in Table 11.7, which shows the frequency 
of respondents belonging to each category for each factor 
item, the weighted value of clo value estimated for each 
category, the partial correlation coefficient and the multiple 
correlation coefficient. 
3849 
Table 11.6 Personal human variables investigated 
relating to English office workers 
(1) Whether you take part in sporting activities (Ll) 
Cl Regularly 
C2 Sometimes 
C3 Seldam/Never 
(2) Whether you attach inportance to the aesthetic attributes 
of clothing worn (Fl) 
Cl Factor score -0.551 and below 
C2 Factor score -0.550 - 0.499 
C3 Factor score 0.500 and over 
(3) Whether you attach importance to adequate wanuth of 
clothing worn (F2) 
Cl Factor score -0.551 and below 
C2 Factor score -0.550 - 0.499 
C3 Factor score 0.500 and over 
(4) Whether you attach inportance to ease of inovement of 
clothing worn (F3) 
C1 Factor score -0.551 and below 
C2 Factor score -0.550 - 0.499 
C3 Factor score 0.500 and over 
(5) State of health (HS) 
Cl Good health 
C2 A slight cold 
C3 A slight cold and other minor ocinplaint(s 
C3 Minor complaints only 
Me variables have been grouped according to functiant and 
the variables are: 
Ll Sporting activities 
F1 -3 Clothing comfort factors 
HS State of health. 
on the factor score for the clothing ccrnfort factors 
(Fl, F2 and F3) a 15ositive value indicates a higher degree 
of iirportance. 
\ -- 
385. 
Table 11.6 (ccntinued) 
State of Health (HS) was ascertained based on complaints 
of the respondents on the day of the survey. Contents 
of the minor complaints were: I am short of-sleep, 
feel tired or am menstruating at the present time, etc. 
Good health mans without any of the above complaints. 
(This table is made up frcin data derived fr(n the 
original questimnaire, dividing up the informatim 
into the categories as above). 
386. 
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The multiple correlation coefficient was determined to be 
0.64 (p < 0.01) , which is slightly greater than that (0.59) 
obtained for ambient temperature and physiological human 
variables (investigated as the factor items in the same 
type of analysis) . This evidence illustrated the fact that 
the influence of personal human variables would be more 
predominant in any explanation of individual differences in 
the amount of clothing worn that was in agreement with those 
observed in the Japanese group. 
All of the 5 human variables were determined to have a 
significant relationship to the clothing levels. They are 
represented in order of magnitude of partial correlation 
coefficient. The first 4 variables were significant at -the 
1% level and the last one at the 5% level. 
Whether you take part in sporting 
activities (Ll) 
(2) Importance of ease of movement of 
clothing worn (F3) 
(3) Importance of adequate warmth of 
clothing worn (F2) 
(4) Importance of aesthetic attributes 
of clothing worn (Fl) 
(5) State of health (HS) 
(Rp = 0.34) 
(RP = 0.32) 
(Rp = 0.2 7) 
(RP = 0.2 3) 
(P, p = 0.2 1) 
it is noteworthy that 'whether youtake part in sporting 
activities' was determined to have the biggest contribution 
to the clothing worn among the English office workers, but 
fell to fifth position among the 9 variables examined 
for 
the Japanese of f ice wo: ýkers. In contrast to this I importance 
of adequate warmth of clothing worn'. which was in second 
position next to 'attitude to wearing less clothing' among 
389, 
the Japanese, shifted to third position for the English group. 
These differences will be discussed in more detail in a 
later section. 
The influence of the variables on the clothing levels is 
investigated based on the weighted value estimated for each 
category within each item. 
Lower clothing levels become comfortable as a consequence 
of the following: 
(1) the increased importance of ease of movement 
the reduced importance of adequate warmth, and 
(3) the increased importance of aesthetic attributes. 
Further, the people who take part in sporting activities 
0 
regularly and are in good health are found to be able to 
maintain comfort conditions with lower amounts of clothing. 
Conversely, high clothing levels become comfortable as a 
consequence of the following: 
(1) the reduced importance of ease of movement 
the increased importance of adequate warmth, and 
(3) the reduced importance of aesthetic attributes. 
In addition, the people who do not take part in sporting 
activities and have a slight cold are found to need more 
clothing to achieve comfort. 
The effects observed of the personal human variables are 
interpreted as showing 
_reasonable 
patterns, and are in 
total agreement with those of the Japanese office workers. 
Thus, the findings clearly support hypotheses B2 and B3. 
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11.4 A Comparison' 
- 
'of Pezson'al' Human' Va'riab'l"e: s Af f ecting 
Clothing' Levels Betweýen' Eng'l'i'sh'_ and Japan'esýe' Of f ice 
Wo . rke'rs 
With a view to proving hypotheses F2 and F3j principal- 
component analysis was again carried out to extract clothing 
comfort factors and estimate their factor scores in terms 
of the data from 94 respondents of each group. The sample 
used in this investigation was restricted to the respondents 
who felt comfortable in their offices in Winter. For each 
nationality the sample was broken down into age groups - 
20 - -29 (26 of each sex) , 30 - 39 (14 of each sex) 40 - 49 
(7 of each sex) . They were chosen at random from those 
who were comfortable in winter. 
The factor loading matrix based on varimax rotations and 
the factor score coefficient matrix are shown in Tables 
11.8 and 11.9 respectively. 
According to the items enclosed in a square in Table 11.8, 
the 3 clothing comfort factors extracted are interpreted 
as follows: 
The first factor is explained by 4 items, i. e. ease of 
movement (QF5) , comfortable fit (QF6) , no skin 
irritation 
(QF7), and keeps you cool (QF3). 
The second factor is explained by 3 items, i. e. current 
fashion (QF14), colour and design (QF2), and need for 
variety (QF15) 
The third factor is explained by 2 items, i. e. suitable 
f or . -winter (QF10) , and suitable 
f or today's weather (QF9) - 
391. 
Table 11.8 Factor loadings based on varimax 
rotation (English and Japanese 
office workers) 
Clothing ccmfort 
factor in 
questi(xmaire Tactor l.. Factor 2 Tactor. 3 
QF1 0.413 
... 0.477 0.083 
QF2 
.. 
0.258 0.092 
QF3 0.065 -0.012 
QF4 0.132 -0.134 0.426 
QF5 
.. 
0.766 o. Oo2 0.075 
QF6 
.. 0.706 0.215 0.079 
QF7 0.047 0.113 
QF8 0.139 0.330 0.222 
QF9 0.292 0.122 
-0.541 
QF10 -0.103 0.325 0.639 
QFll 0.351 -0.049 0.145 
QF12 0.036 0.030 -0.038 
QF13 0.369 0.411 0.036 
QF14 -o. 004 0.816 0.053 
QF15 0.122 0.650 0.036 
QF16 -0.044 0.457 -0.037 
Eigenvalue 4.871 2.183 1.450 
Cumulative 
percentage 
of total 30.4 44.1 53.1 
variance 
1.1,88 
. 
(94 of each nationality)-. 
The clothing cmfort factors in the 
questiomaire are as in Table 11 -1 
3. Figures -- marked with a square 
indicate 
a high factor loading representing 
of the f actors to which theY 
392. 
Table 11.9 Factor score coeffýcient matrix 
(English and Japanese office 
workers) 
Clothing ccrnfort 
factor in 
questicnnaire Factor 1 Factor 2, Factor. 3 
QF1 0.060 0.124 -0.030 
QF2 0.025 0.209 -0.015 
QF3 0.132 0.007 -0-068 
QF4 0.000 -0.030 0.164 
QF5 0.421 -0.016 0.028 
QF6 0.315 0.003 0.000 
QF7 0.227 -0.085- 0.003 
QF8 0.079 0.110 0.077 
QF9 -0.036 -0.118 0.500 
QF10 -0.074 0.081 0.467 
QFll 0.037 -0.093 0.056 
QF12 -0.016 0.011 -0.036 
QF13 -0.060 0.041 -0.196 
QF14 -0.079 0.450 -0.009 
QF15 -0.035 0.214 -0.086 
QF16 -0.002 0.096 -0.010 
The clothixig ccmfort factors ýn the 
questiomaire are as ; Ln Table 11.1 
N= 188 (94 of each nationality). 
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With the third f actor, only 2 items (QF10 and QF9) have been 
marked with a square indicating a high factor loading, but it 
is apparent that 'adequate warmth' (QF4) has a high value 
(0.426) next to these items. in fact, the extracted factor 
of 'adequate warmth' was explained by the 3 items 'suitable 
for today's weather', 'suitable for winter' and 'adequate 
warmth' in the cases of the data from the English and Japanese 
groups being analysed separately (see Tables 11.1 and 6.1). 
Furthermore, the features observed for the other 2 factors can 
be seen to show reasonable patterns, and these findings were 
similar to those for each of the English and Japanese groups 
in the same types of analysis (Tables 11.1 and 6-. 1). 
Consequently, we can identify each factor by a name, i. e. 'ease 
of movement I to the f irst f actor (Fl) ,ý aesthetic attributes I 
to the second f actor (F2) and I adequate warmth' to the third (F3) . 
The cumulative percentage of total variance was determined to 
be 53.1%, which can be seen to be a fairly high value. The 
eigenvalue was calculated as 1.450. 
The factor scores for the 3 clothing comfort factors were 
estimated for each subject using the score coefficients shown 
in Table 11.9. The results are given by each factor in 
Figure 11.1. 
The t-value indicated is that calculated between the English 
and Japanese groups 
For factor 1, 'ease of movement' the mean factor scores were 
determined to be 0.41 with a standard deviation of 0.78 
394., 
Japanese 
Group 
Encrlish 
LF 
C-xoup 
-o. 5 I 
t=6.42 (p <0.01, r df=186) 
Factor 1: Ease of n-oven-ent 
Japanese English 
Group Group 
-o. 5 
t= 0.39 (P> 0.05, df=186) 
Factor 2: Aesthetic attributes 
English 
Group 
-0.5 0 
t=3.71 (p < 0.01, df=186) 
Factor 3: Adequate warmth 
o. 5 
Japanese 
_ 
Grqup 
o. 5 
Figure 11.1 A comparison of the degree of importance for 
clothing comfort factors between English and 
Japanese office workers. 
N= 94 for each group. 
The plotted point represents the mean factor score 
and the horizontal bar indicates standard deviation. 
0.5 
0 
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for the English group and -0.41 with a standard deviation 
of 0.98 for the Japanese group. The difference between the 
groups was statistically significant (t = 6.42, df = 186, 
p<0.01) . The reverse was true f or f actor 3 j, adequate 
warmth. For the English group it was -0.25 with a standard 
deviation of 0.81, which is statistically lower than that 
for the Japanese one, where the mean value was found to 
be 0.25 with a standard deviation of 0.99 (t = 3.71, 
df = 186, p<0.01) . Thus, the findings clearly support 
hypotheses F2 and F3. 
Referring to hypothesis F4, it is assumed that the age and 
sex of subjects will have some influence upon whether people 
take part in sporting activities. 
From this concept, differences of the numbers of people who 
take part in sporting activities regularly or sometimes 
between the English and Japanese groups were analysed by 
sex and age according to chi-square analysis. The results 
are shown in Table 11.10. The subjects who took part in 
this investigation all felt comfortable in their offices 
in winter. The sample sizes were 61 for the English females, 
67 for the English males, 262 for the Japanese females and 
311 for Japanese males. Their anthropometric data are 
presented in Tables 11.4 and 6.7 respectively. 
For the English female office workers those rates were 
determined to be 57.9% for the twenties, 64.3% for the 
thirties, 71.4% for the- forties and 100.0% for the fifties, 
while those for the Japanese female office workers were 
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35.7%, 25.0%, 19.2% and only 8.7% respectively. Tn the 4 
age categories the rates of the English females were all 
statistically higher than those for the Japanese ones. The 
chi-square values calculated were 5.06, - 6.44,4.86 and 7.45, 
where the first 3 cases were significant at the 5% level and 
the last one at 1%. 
In the same way, for the English male office workers those 
rates were 84.6% for the twenties, 66.7% for the thirties, 
71.4% for the forties and 91.7% for the fifties. However, 
those for the Japanese males were only 42.1%, 23.8%, 26.8% 
and 15.8%. These differences between the groups were again 
all statistically significant at the 1% level. The chi- 
square values obtained were 14.41,9.04,7.01 and 20.14 
respectively. 
On the basis of the findings it was concluded that the rates 
of the English office workers who take part in sporting 
activities regularly or sometimes are greater than those of 
the Japanese office workers irrespective of sex and age. 
Thus, hypothesis F4 is supported. 
We can regard these different profiles between the English 
and Japanese office workers in their personal human variables 
as one of the reasons why the SCV for the clothing worn by 
the English subjects to create comfort conditions was lower 
a 
than that for the Japanese ones in winter. 
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CHAPTER TWELVE 
D'is'c*u, ssio'n' : a, n'd lhlP'I: ý'cAtjoxi, s 
Energy conservation practices have resulted ýn lower 
ambient temperature levels during wjýnter, and higher ones 
during summer under the temperature guidelines established 
as part of the campaigns. We now face the problem of how 
to be comfortable whýle conserving energy. The author has 
interpreted such a situation as that an epoch has come, in 
which each individual has had to create his own'thermally 
comfortable conditions by means of clothing worn. 
The present study aims to throw light on differences of 
clothing worn by individuals, The main objective was to 
determine people's attitudes to clothing and indicate ways 
in which individuals can create comfort conditions and how 
to modify certain human variables to achieve clothing habits 
more conducive to health. 
First, we developed a method of estimating the standardised 
clothing value (SCV) adjusting it for ambient temperature 
and physiological human variables (Chapter Four). To 
achieve this, we classify provisionally the factors which 
affect the amount of clothing worn to create comfort 
conditions into primary and secondary factors. The ambient 
temperature and main physýological human variables are - 
defined as primary factors. It is possible for individuals 
to modify other personal human variables, e. g. sporting 
activities, wearing attitudes etc. I which are 
defined as 
secondary factors. A change in one variable can ofte In 
be 
compensated for by changes in another to maintain 
balanced 
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situations. It was therefore. consýdered as a useful index' 
if the clothing level to maintain comfort condit_ions is 
identified by a single measure which takes into account all 
the primary factors. 
The 'SCV' was estimated applying the quantification theory, 
type I (Hayashi, 1952 and 1961, and, Miyake et al. , 1977, 
p. 166-179). The reason for the statistical technique 
being used is that the sex variable, which is non-numerical, 
was included within the physiological human variables. In 
addition to sex, the age and build of the respondent were 
also taken up in this case. The validity of the SCV was-- 
statistically proved in Chapter Four. 
An attempt is made for the first time to define such a 
standard level of clothing in this study. Accordingly we 
will be able to consider this method to be the author's 
original. 
Many studies on human response to the thermal environment 
have been made with a view to defining the ranqe of comfort 
conditions for the population concerned. However, we should 
recognize that there exist remarkable individual differences 
in terms of the comfort temperatures as well as amounts of 
clothing. An extensive survey (Rohles and Nevins, 1971) 
involving 1,600 college-age subjects indicated a surprisingly 
wide range of comfort temperatures from 60 - 980F 
(15.5 - 36.7 
0 C) where the sedentary subjects were exposed 
wearing a standard clothing with a clo value of 
0.6 clo for 
3 hours (see Chapter one) - 
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The present study showed the fact that the individual 
differences of the clothing worn to create comfort 
conditions were much greater than those for the comfortable 
ambient temperatures irrespective of the population types,, 
i. e. English and Japanese office workers and Japanese 
school pupils. The findings confirmed those from our 
previous work (Irving et al. , 1981) but the magnitudes of 
individual differences for the clothing worn by the office 
workers observed in this study were much greater than those 
from our previous survey involving English and Japanese 
students in their single study rooms. one explanation for 
this could be due to the f act that the groups of of f ice 
workers contained a wider age range. Furthermore, the 
clothing worn in offices is subjected to the complications 
arising from the need to conform with socially acceptable 
standards. 
It is worth noting that for the pupils those individual 
differences were determined to be higher than those for 
the adults in spite of the uniformity of age. 
It is assumed that the ambient temperature variations in 
the rooms being occupied by the respondents are probably 
related to the differences in clothing worn. However, 
as would be expected, it- was f ound that the magnitudes of 
individual differences in the clothing levels (CAT) adjusted 
for ambient temperature were high, as were those 
for the 
actual clothing levels. irrespective of the population 
types. Moreover, this behavibur was confirmed by 
the 
values of- correlation coefficients calculated 
between the 
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actual clothing levels and ambient temperatures. The 
figures obtained seem to be small, although this does not 
necessarily indicate smaller magnitudes when compared with 
those reported by other workers. 
Subsequently the individual differences were examined in 
terms of the SCV adjusted for not only ambient temperature 
but also main physiological human variables (sex, age and 
build of subject) . The reduction ratio was determined as 
a percentage of the ranges of the SCV to the actual clothing 
level in 95% confidence limits. We can consider this ratio 
having higher reliability than the coefficient of variation 
to assess the amount of variation. 
The reduction ratios calculated in winter were 24.7% for the 
Japanese office worker, 20.0% for the English office worker, 
but only 6.9% for the pupil. From this, we can interpret 
that the SCV enables a reduction in the range of differences 
of clothing worn by the individuals, but considerable 
individual differences still exist even in the SCV in 
particular among the school children. In fact, for the 
respondents who were in good health and felt comfortable 
the 95% confidence limits of the SCV observed were: 
369 g/m 
2_ 1046 g/m 
2 for the pup; Ll (N = 408) 
0.38 clo - 0.93 clo for the English office worker 
(N = 117), and 
0.60 clo - 1.24 clo for the Japanese office worker 
(N = 243). 
We can interpret the I findings as being due to 
the fact that 
there are 2 types of people in relation to thermal 
comfort, 
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people who are warm enough when wearing light clothing and 
those who need more clothing to keep warm at the same 
winter temperature when their physiological human variables 
are the same. 
From this concept, the following questions occur: Which 
type is more desirable from the physiological point of 
view,? . How should one modify one's personal variables to 
achieve clothing habits more conducive to health? It should, 
however, be pointed out that little attention has been paid 
in an attempt to clarify such themes in the history of research 
into thermal comfort during the past 60 years. The physiological 
basis accounting for the ability for a particular group of 
people to be comfortable wearing less clothing is not yet 
sufficiently known, even in the area of thermophysiology. 
Consequently, one of the aims. of the present study was to 
find out the effects of wearing light clothing from 2 aspects; 
thermal homeostasis against the cold in relation to body 
surface temperature, and the number of colds caught during 
the winter period. 
In an attempt to elucidate the differences of physiological 
properties for the 2 groups defined by different clothing 
behaviour, their responses to thermal sensations and skin 
temperature when they are exposed to the conditions specified 
were investi gated experimentally involving Japanese 
female 
students and office workers (Chapter seven). 
For the 2 sub-groups the subjects were chosen taking 
into 
account not only their clothing habits, but also 
their 
mrnfil, ý, = nn nersonal. human variables affecting clothing 
levels. 
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one group was those who wear less clothing and have profiles 
approximating those of the group who are warm enough with 
fewer clothes (SL/OL group) . The other group was those 
who wear more clothing and have the opposite profýle 
(SH/OH group). 
In the moderate condition specified (ambient temperature of 
21 0C and clothing of 0.8 clo) the mean skin temperatures 
measured for the 2 groups (10 from each of the SL and SH 
groups) after an exposure of 1 hour both fell within the 
'comfortable' zone, but the figure (32.10C) for the SH 
group indicates the lowest to be- included, whereas it was 
determined to be 33.40c for the SL group. This behaviour 
was confirmed by their thermal sensations voted for the 
whole body. 
In a field study involving office workers who felt 
comfortable in their offices, almost the same skin temperatures 
(33.20C and 33.10C) were again observed for the 2 groups 
(12 f rom each of the OL and OH groups) - 
In this - case, ambient temperatures measured in their offices 
were 20.8 0C for the OH group and 20.2 
0C for the OL group 
where no significant difference was noted. However, the 
clo value for the clothing actually worn by the OH group 
was 1.22 clo, which was higher than that (0.78 clo) for the 
OL group. These findings seem to support those obtained 
from a laboratory study previously mentioned. 
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Such different behaviour between the 2 sub-groups was 
confirmed more precisely by exposure to a cold environment. 
In this experiment the student subjects (10 from each group) 
were exposed wearing clothing with 1.0 clo to an ambient 
temperature of 18 0C for 1 hour in the same way as in the 
higher temperature. 
For the SL group the mean skin temperature was determined 
to be 32.40C which still lies within the region of 
'comfortable'. However, for the SH group it was 30.0 0C 
which falls out of the comfortable zone. These findings 
were in agreement with their thermal sensations. The SH 
group voted for the value of 2.4 on average, whereas the 
subjects belonging to the SL group still felt comfortable, 
i. e. the value was 3.5 on the ASHRAE scale. Observations 
of the localised thermal sensations voted by them will be 
helpful for the understanding of this difference in 
behaviour between the groups. In the legs and feet, which 
showed more extreme conditions, for the SH group the mean 
sensation values were 1.8 and 2.0, while for the SL group 
those values were 3.3 and 3.5. 
It was therefore concluded that the subjects who habitually 
wear less clothing were able to stay comfortable even in 
the condition specified (ambient temperature of 18 
0C and 
clothing of 1.0 clo) where the other type of subjects 
felt 
cool and could not keep comfortable. 
As one explanation for . this the author has considered 
that 
wearing light clothing itself possibly contributes 
to give 
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a continuing weak stress of cold to the human body that in 
turn may enhance cold adaptation. This relies upon a theory 
of Adolph (1956) who states that the adaptive modýfications 
occurring during prolonged cold exposure are typical for 
cold. In other words, man can achieve the enhanced tolerance 
to cold by prolonged exposure to cold as reviewed in 
Chapter One. In fact,, one piece of ev'ldence to support 
the effects of wearing less clothinq was reported by Nagata 
(1954) that wearing more clothing suppressed acceleration 
of metabolism in the cold season. 
In addition, it is obvious that the effects can be explained 
from the different profiles in their personal human variables. 
That is, people who regularly take part in sporting activities 
were warm enough with less clothing than those who seldom 
take part (Chapters Six and Eleven) - This is in agreement 
with the theory that physical training generally enhances 
the body's tolerance to cold. The mechanism for this has 
been explained by Heberling and Adams (1961) that the cold- 
induced vasoconstriction may be reduced, and metabolic 
response may be enhanced at the same time. 
Thus, we can interpret the findings obtained as the fact 
that the habit of wearing fewer clothes contributed to 
maintenance of thermal homeostasis against cold. 
Inthe following investigation we hypothesized that enhancing 
the body's tolerance to cold by means of wearing less 
clothing will contribuýLe to an increased resistance 
to colds. 
The reason for 'number of colds caught' 
being taken up is 
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that the present study was concerned solely with the cold 
season. 
The relationship between the amount of clothing worn to 
create comfort conditions in winter and the number of colds 
caught during the winter period was examined with reference 
to the English and Japanese office workers and Japanese 
school pupils (Chapters Eight and Ten). 
The sample used in this case was restricted to the respondents 
who were in good health and felt comfortable in their offices 
or classrooms . The standardised clothing value (SCV) was used 
as the index for the amount of clothing worn. The levels were 
classified in the three categories 'light', 'medium' and 
'heavy' being applied to the data analysis. Each of the 
sub-groups is expressed, e. g. for the office workers, in 
terms of 'OL group' IOM group' and 'OH group'. 
As would be expected, for the Japanese office workers (N = 243) 
the rate of not catching a cold among the OL group accounted 
for 66.1% of the total, that for-the OM group was 62.8%, but 
only 38.7% for the OH group. The differences between the OH 
group and each of the others were proved to be signif i. cant 
based onthe chi-square analysis. The reverse was true . 
in 
the rate of catching a cold two or more times. Tt was 
19.4% 
for the OH group, which is statistically higher than 
those 
for the other two groups which were 3.6% for the OL group 
and 5.1% for the OM group. 
The same pattern of results was found in the 
Japanese children 
(N = 40 8) . For the PL group 
the rate of not catching 
-a 
cold 
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ýias determined to be 71.4% of the t0taLwhich is 
statistically higher than that (38.2%) for the PH group. 
The rate (55. 6%) for the PM group was again higher than 
that for the PH group. Conversely, for the PH group 
the rate of catching a cold two or more times accounted 
for 38.2%, which was statistically higher than that for 
the other two groups, which were 14.5% for the PM group 
and only 10.2 % for the PL group. 
The evidence obtained was again confirmed by the data from 
the English office workers (N = 117). The rate of not catching 
a cold among the OL group accounted for 82.1% of the totalp, 
that f or the OM group was 50.0% . but only 20.0% f or the- OH 
group. The differences between those rates were all proved 
to be significant. 
Conversely, the rate of catching a cold once among the OL 
group was determined to be only 10.7% of the total, which 
was statistically lower than that for the other two groupst 
which were 46.9% for the OM group and 56.0% for the OH group. 
Likewise, it was proved that a similar relationship exists 
between the clothing worn in autumn and the number of colds 
caught during the winter using the data from the Japanese 
groups. 
Furthermore, it was observed in relation to the primary school 
pupils that people who habitually wear less clothing had 
fewer 
days absence due to illness during the winter than those 
who wear more clothing. This could be attributed 
to the 
fact that catching a cold is regarded as the overwhelming 
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cause among primary school pupils for absence from school 
during winter, and confirms the evidence on the relationship 
between the clothing habits and the number of colds caught. 
Thus,, the findings clearly support the hypothesis established 
for the beneficial results of wearing light clothing. 
At this stage, it is of great interest and significance 
to elucidate how to modify one's personal human variables 
to achieve clothing habits more conducive to health. 
Attention was therefore focussed on what types of personal 
human variables would affect clothing worn. This was based 
on a hypothesis that there will exist personal human variables 
(excluding physiological variables) which yield individual 
differences in the SCV to maintain comfort conditions. 
The personal human variables taken up were basically similar 
among the 3 populations, but there were slight variations 
depending on their clothing and living habits. 
The clothing comfort factors examined were extracted 
statistically by means of principal-component analysis 
(Nie et al., 1975, p. 468-514 and Miyake et al., 1977, 
p. 129-155). For the Japanese groups the following 
4 
factors were extracted, i. ee (Fl) Aesthetic attributes, 
(F2) Ease of movement, (F3) Adequate warmth and 
(N) 
Suitability for the office/schoolp however, the 
first 3 
factors only for the Enqlish office workers. 
The reason 
for this is not easily explained, but 
it may depend mainly 
upon differences of clothing habits between 
the 2 coun ries. 
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Effects of the 9 human variables for the Japanese office 
workers, the 5 variables for the English office workers 
and the 11 variables for the Japanese pupils were ýnvestigated 
separately by means of the quantification theory, type 1, 
where the SCV was used as the outside variable. The subjects 
who took part in this investigation all felt comfortable in 
their offices or classrooms. 
For the Japanese office workers (N = 573) all of the 9 
variables were determined to be significant. They are shown 
in order of magnitude of partial correlation coefficient: 
(1) attitude to wearing less clothing 
(2) importance of adequate warmth of clothing worn 
(3) importance of ease of movement of clothing worn 
state of health 
(5) whether you take part in sport/jogging 
(6) whether you warm yourself using a footwarmer for long 
periods 
(7) whether you practise rubbing your naked skin with a 
dry cloth 
(8) importance of aesthetic attributes of clothing worn 
(9) importance of suitability of clothing worn for office. 
Consequently, lower clothing levels become comfortable 
as a result of the following: 
(1) the stronger the attitude. to not wearing excess clothing 
(2) the reduced importance of adequate warmth 
(3) the increased importance of ease of movement 
(4) the increased imp6rtance of aesthetic attributes, and 
(5) the reduced importance of suitability for the office. 
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Further, the people who are in good health, take part in 
sport/jocjging regularly, do not warm themselves using a 
footwarmer for long periods and do rub their skin with a 
dry cloth are found to be able to maintain comfort 
conditions with lower clothing levels. 
In contrast to this, the reverse effect was obtained for 
each of the variables for high clothing levels becoming 
comfortable. The behaviour of these variables seems to be 
in total agreement with the background of their hypotheses 
and shows reasonable patterns. 
For the English office workers (N = 145), it was demonstrated 
that all of the 5 variables have a statistical relationship 
to the clothing worn, where the influence pattern of each 
variable was in total agreement with that observed among 
the Japanese office workers. These variables were: 
(1) whether you take part in sporting activities 
(2) importance of ease of movement of clothing worn 
(3) importance of adequate warmth of clothing worn 
(4) importance of aesthetic attributes of clothing worn 
(5) state of health. 
It is noteworthy that 'whether you take part in sporting 
activities' was determined to have the biggest contribution 
to clothing levels. However, this variable fell to fifth 
Position for the Japanese office workers' 'n contrast 
to 
this 'importance of adequate warmth of clothing worn', which 
was second position next to lattýtude to wearing 
less clothing' 
among the Japanese, shifted to third position. 
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For the Japanese school pupils (N = 1,030) the 9 Variables 
were determined to be significant. These variables were: 
(1) attitude to wearing less clothing 
(2) whether you take part in physical training af ter school hours 
(3) whether you warm yourself using a footwarmer for long 
periods 
(4) importance of adequate warmth of clothing worn 
(5) state of health 
(6) whether you choose the clothes you are going to wear 
in school 
(7) importance of ease of movement of clothing worn 
(8) whether you practise rubbing your naked skin with a 
dry cloth 
(9) importance of suitability of clothing worn for school. 
For the last variable a negative relationship was obtained 
for the children which was positive for the adults. One 
explanation for the contradictory findings could be due to 
the different attitude of different generations to clothing 
worn. Among older Japanese people wearing more clothing 
is regarded as a sign of politeness, whereas the pupils are 
guided not to wear excess clothing as it is conducive to 
health. Thus, the results for both groups can be seen to 
show reasonable patterns. 
It should be emphasized that one's wearing attitudes 
indicate 
_ 
the biggest contribution to clothing worn in both Japanese 
groups. Furthermore, for the pupils the highest attýtude 
to 
wearing light clothing Was attributed to advice 
from family 
and s chool teachers. The pupils' attitudes gradually 
reduced 
in the case of the advisor being the primary school 
teacher 
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or family only (Chapter Six) - This seems to offer a 
suggestion on how necessary it is to teach the Pupils adequate 
knowledge of clothing from an educational point of view. 
It is interesting to note that 'importance of the aesthetic 
attributes' was not concerned with the amounts of clothing 
worn by the children. Nevertheless, a negative relationship 
was found for the adults, irrespective of whether English 
or Japanese. This could be due to the different clothing 
behaviour according to age. 
It is worth noting that the female office workers who felt 
cold discomfort in their offices showed a tendency to attach 
more importance to the aesthetic attributes of clothing worn 
irrespective of whether they are English or Japanese. 
To summarize, it was discovered that many types of personal 
human variables have some influence on the amounts of clothing 
worn by individuals. We can interpret this by saying that 
if an individual who wears more clothing modifies certain 
personal variables to approximate those of people who are 
0 
comfortable with light clothing, they will eventually also 
be comfortable with light clothing. 
It is worth mentioning at this point an example to substantiate 
this implication, that is, the beneficial results of primary 
schools where pupils were guided not to wear excess clothing 
('GI School) were proved (Chapter Nine) . 
630 school children 
took part in this study from the 4 IGI schools and 
877 from 
6 schools where no guidance on clothing 
is given ('N' school) 
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The effects observed were: 
Pupils from the IGI schools wear less clo . thing 
(2) Pupils from the 'G' schools catch fewer colds during 
the winter than those from the 'N' schools. 
(3) Pupils from the 'G' schools have fewer days (absence 
due to illness during the winter than those from the 
'N' schools. 
(4) Pupils from the 'G' schools have profiles approximating 
those of the group who are able to maintain comfort 
conditions with light clothing, while pupils of the 
'N' schools have profiles approximating those-of the 
group who wear more clothing. 
Furthermore, we can interpret different profiles observed 
between the English and Japanese office workers in their 
personal human variables as showing that there exist different 
levels for the clothing worn by both groups. 
For the subjects who were in good health and felt comfortable 
in their offices the SCV for the clothing worn by the English 
office workers (N = 117) was determined to be 0.74 clo, which 
was significantly lower than that (0.92 clo)for their Japanese 
equivalents (N = 243) in winter (Chapter Ten). 
This indicated the same conclusion as our previous work 
involving the English and Japanese students (Irving et al-., 
1984) 
. 
The numbers of people who take part in sporting activýtjes 
regularly or sometimes for the English and Japanese groups 
were analysed by sex and age. The samples used were 
restricted 
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to those who felt comfortable, and the sample sizes were 
128 for the English respondents and 573 for the Japanese 
ones. It was found that those rates for the English 
office workers are greater than those for the Japanese ones, 
irrespective of sex and age. 
A comparison of the importance attached to clothing comfort 
f actors by -the English and Japanese groups was made in 
terms of their factor scores based on the data from the 
sample of English and Japanese subjects. The groups were 
split by sex and age and each contained 94 subjects. 
With 'importance of ease of movement of clothing worn' for 
the English group the mean factor score was calculated as 
0.41, which was statistically higher than that (-0.41) for 
the Japanese group. The reverse was true in the factor 
'adequate warmth of clothing worn'. For the Japanese group 
it was 0.25, and -0.25 for the English group (Chapter Eleven). 
Indeed, the profiles obtained among the English group are 
regarded as similar to those for people who are warm enough 
with fewer clothes (Chapter Six). 
In conclusion, it is seen that a number of human variables 
influence the amount of clothing worn by an individual, - but 
it is possible for most people to manipulate these variables 
in such a way that they are comfortable in lighter clothing. 
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4ý3. 
PENDIX 
Date ...... 
Interview No.... 
............ 0.. 
THERMAL COMFORT 
(1) (2) (3) 
1: 
Now that people are becoming more energy conscious, many buildings 
kept at lower temperatures to save - are being fuel. It is therefore 
important that people change their clothing habits in order to stay 
comfortable in their working environment. 
This survey aims to investigate the type of clothing that D-eor)le 
wear in order to stay comfortably warm at work. The data obtained 
will be statistically analysed and compared with results obtained 
in Japan. 
All responses will be treated as confidential and there is no way 
in which an individual can be identified. 
To fill in this questionnaire 
Please ring the number opposite the appropriate answer, 
like this: -Q 
If you ring the wrong answer by mistake, just cross it out and ring 
the correct one, like this: - (wrong answer) 
0 (correct answer) 
Becaýse some people may take of f or put on extra clothing during 
the day to make themselves more comfortable,, you are asked to 
cOmplete this questionnaire on the clothing you are wearing at 
the 
mOment 
- (at around 3.00 p-m-) 
THANK YOU VERY MUCH FOR YOUR CO-OPERATION 
1 
-1 J'f , 
5&-VON 
WHAT WpE OF CI=ING ARE YOU TWARING AT THE PRESENT TIME? 
Shoes 1 
Boots (short) 2 
Boots (long) 3 
Sandals 4 
Other (please specify) ..................... 5 
I take my shoes off when working 6 
b) Socks 
0 
Short sock s1 
Long socks 2 
Thin nylon tights 3 
Thick nylcn or omllen tights 4 
other (please specify) ............ ......... 5 
c) Underwear Pants 1 
Bra 1 
Vest 1 
Waist slip 1 
Full slip 1 
Thennal underwear 1 
Other (please specify) .................... 
1 
d) Outerwear Short sleevecl shirt or blouse: 
Thin 1 
Average 2 
Thick 3 
I, Ong sleeveci shirt or blouse: 
Thin 1 
2 Average 
Thick 
3 
Waistcoat: 
Thin 
1 
2 
Average 
3 
Thick 
Sleeveless sweater: 
Thin 
2 
Average 
Thick 
For Office 
Use Only 
(4) 
(5)(6) 
(7) 
(8) 
(9) 
(10) 
(11) 
(12) 
(13)(14) 
(15) 
(16) 
(17) 
(18) 
2 
4-ib . 
d) Ccntinuecl 
Short sleeved sweater: 
Thin 
Average 
Thick 
Long sleeved sweater: 
Thin 
Average 
Thick 
Jacket: 
Thin 
Average 
Thick 
Trousers or slacks: 
Thin 
Average 
Thick 
Jeans: 
Thin 
Average 
Thick 
Img sleeved dress: 
Thin 
Average 
Thick 
Short sleýved dress: 
Thin 
Average 
Thick 
Sleeveless dress: 
Thin 
Average 
Thick 
Short sleeved cardigan: 
Thin 
Average 
Thick 
Long slemied cardigan: 
Thin 
Average 
Thick 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
FOr Office 
Use Only 
(19) 
(20) 
(21) 
(22) 
(23) 
(24) 
(25) 
(26) 
1 (27) 
ý (28) 
3 
436. For Office 
Use Only 
d) Cclý'nuecl 
Skirt: 
Thi 
(29) 
n 
Average 
2 
Thick 
3 
Tie or scarf (30) 
Yes 1 
No 0. 
Any other clothes (please specify) ......... 1 (31) (32) (33) 
2. HAVE YOU ALTEIýED YOUR CLOTHING FROM THAT WHICH YO[J WERE WTARIM ON YOUR 
WAY TO WORK? 
Yes 1 (34) 
No 0 
If yES, please list below the changes YOU have Made- 
00...... a0.0000000*. *.. 00.. 000.00000*000a0.. 0 
00*0.0.00.0.0.00000-0... **. 00.0.0.000000&000. 
(35)(36)(37) 
3. DO YOU THINK YOU TCAR MOM OR IESS CUYIHING THAN MHýR PEOPI'E OF YOUR 
AGE? 
Less clothing 1 (38) 
Slightly less clothing 2 
About the same 3 
Slightly more clothing 4 
More clothing 5 
I)m It know 9 
4. wHICH OF THE FOLLOWING INFLUENCE THE AMOUNT OF CLOTHING YOU 'CAR? 
Please ring more than one answer where a'-OPMPriate- 
I am. fashion conscious 
1 (39) 
I am sensitive to the cold 
1 (40) 
I am not sensitive to the cold 
1 (41) 
Reasons of health 
1 (42) 
I wear this amount frcrn habit 
1 (43) 
It depends on the weather 
1 (44) 
other (please 
1 (45)(46) 
0.0.... 00 9 (47) 
Don't know 
4 
437. 
'EC 
Tl 
'ON 
B 
0,, oRTANr Do 
YOU CONSIDER THE FOLILWIDU TO BE WHEN CHOOSING THE CIDMES 
,, jWEW please 
answer these questions cn the clothes you are wearing today 
For &xaniple, if you consider 
'Adequate Warmth I to be fairly important 
camplete No. 3 in the following way 
LVte 
wannth 12456 
. 
Tree of I Dec nDortance 
Neither 
important Not at 
Very Quite Fairly nor un- Not very all 
important important important important important irnp ortant 
1, amrtness 1 2 3 4 5 6 
2, Colour & design 1 2 3 4 5 6 
3, k1equate waimth 1 2 3 4 5 6 
1, Ease of movemnt 1 2 3 4 5 6 
5, Canfortable f it 1 2 3 4 5 6 
6, No skin 1 2 3 4 5 6 
irritatim 
7, Suitable for 2 3 4 5 6 
today's weather 
8. Keeps you cool 1 2 3 4 5 6 
9. Does not show 1 2 3 4 5 6 
the dirt 
10. Suitable for 1 2 3 4 5 6 
this season 
Chosen to conform 1 2 3 4 5 
with clothes of 
colleagues 
suitable for work 1 2 
6 
ý13. Personal 2 3 4 5 
Preference 
Current fashion 1 2 3 4 
6 
for variety 1 2 
6 
Well knom make 1 2 3 4 
5 6 
For Office 
Use Only 
(48) 
(49) 
(50) 
(51) 
(52) 
(53) 
(54) 
(55) 
(56) 
(57) 
(58) 
(59) 
(60) 
(61) 
(62) 
(63) 
5 
438. 
F' 
Kie-c 
? EIRATURE IN YOUR OFFICE, ARE YOU 0 THE PR 
Cold 1 
cool 2 
Slightly cool 3 
Neutral 4 
Slightly warm 5 
Warm 6 
Hot 7 
IS THM ANY SPECIFIC PART OF YOUR BODY ICICH IS PHYSICALLy UNCOMFORTABLE 
LT To TEmpERATURE DIFFERENCES,, DRAUGHTS j, REIATIVE HUMIDITY,, DIRECT SUNLIGHT? 
Yes 
No 0 
IF YES To Q3, WHICH PARTS ARE UNCCMFORTABLE AND HOW IS THE DISCCMRT FELT7. 
kr mmple: My feet are cold because of a draught .......................... 
0000000.000.00.0 
CTION D 
-AVE YOU EVER HENRD WEARING FEWER CIOMES IS MME HEAL=? 
Yes 
No 0 
Dm't know 9 
YES TO Qlr WHERE DID YOU HEAR IT? Please ring more than me answer 
appropriate 
Newspaper/TV/radio 
I know f rcm my own experience 
Members of my family 
in ccnversation 
At nurseryAindergarten 
At primary/secondarv school 
From books/tregazines 
Any other sources (please specify) 
1 
1 
1 
1 
1 
1 
1 
1 
.......... 
Don't know 
9 
6 
For Office 
use only 
(64) 
(65) 
(66)(67)(68) 
Card 2 
(1)(2) (3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 
(10) 
(12)(13) 
(14) 
439. 
S70 Q1 I DO YOU DO ANYTHING ABOUT IT? 3. 
Yes,, I wear less clothulg 1 
No,, I have not changed my 0 
clothing habits 
Don't know 9 
MVE YOU EVER MTD THAT ROOMS SHOULD BE COOLER AND YO(J SHOULD WEAR MRE 
Yes 1 
No 0 
Don't know 9 
SECTION E 
1. MAT IS YOUR PPýESENT STATE OF HEALTH? Please ring more than cne answer 
&e awropriate. 
I cm in good health 
I have a slight cold 
I feel tired 
I am short of sleep 
I am menstruatinq 
Any other minor camplaints (please specify) 1 
*0&0.0.. 0.0a00.0.0000.000000-00-0000.00&009 
'A 
2. APPMXMTELY HOW MANY TIMES HAVE YOU CAUGHT A COID DURING THE TIHPEE MONTHS 
BffM WMER 1ST AND FEBRUAM 1ST? 
None 1 
Once 2 
Twice 3 
Three times 4 
Four times 5 
n)re. than four times 
6 
13. HOW OFTEN Do You , ME PART IN SPORTING ACTMTIES? 
Regularly 
Sanetimes 
Seldcrn 
Never 
1 
2 
3 
4 
For Office 
Use only 
(15) 
(16) 
(17) 
(18) 
(19) 
(20) 
(21) 
(22)(23) 
(24) 
(25) 
7 
440. 
I 
SECTION F 
SEX Male 1 
Female 2 
I 
1 AGE ............................... 
3. Feet ................................... Inches 
4. NEIGRr .................... 
St 
5. MrCNALITY ............................................................ 
6. WHAT -IS THE NAME CF YOUR HOME TOM? 
000.00000000000a0000000000000000a000000000a00 
7. WHEN DID YOU FIRST COME TO THE GUIIDFORD AREA? 
-Month ................. 
Year ................... 
8. HOR SUNNY is yOUR OFFICE DuRING THE SURVEV. HOURS FWM 2.00 P. M. TO 3.00 P. M 
Sunny 1 
Slightly sunny 2 
No sun at this tim- 3 
No sun at all during the day 4 
8 
For Office 
Use only 
(26) 
(27)(28) 
(29)(30)(31) 
(32)(33) 
(34)(35) 
(36)(37) 
(38)(39) 
(40)(41) 
(42)(43) 
(44) 
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